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OBJECTS AND RULES 


OF 

THE ASSOCIATION. 


OBJECTS. 

The Absociation contemplates no interference with the ground occupied by 
other institutions. Its objects are ; — ^To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with <mo an- 
other and with foreign philosophers, — to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 


RULES. 

Admission of Members and Associates, 

All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Oflicers and Members of the Councils, or Managing Committees, of 
Philosojihical Institutions shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee shall be entitled, in like maimer, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Coimcil, to become Life Members of the Assoc, iation. Annual 
►Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. 

Compositions f Subscriptions, and Privileges* 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously tho Reports of the Association which may be pub- 
1871. h 
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lished after the date of such payment. They are eligible to all the offices 
of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitous! If the Keports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. Ey omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
future years the privilege of receiving the volumes of the Association gratis : 
but they may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They arc eligible to all tlie Offices o/ the Association. 

Associmus for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Keports of the Association, nor bo 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 184G, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1830 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
tcrmis^on of Annual Payment, j 

4. Annual Members admitted in any year since 1839, subject to the ])ay- 
ment of Two Pounds for the first year, and One Pound in each following year. 
[May resume their Membership after intermission of Annual Payment.J 

5. Associates for the year, subject to the payment of One Pound. 

G. Corresponding Members nominated by the Council. 

And the JMembers and Associates will bo entitled to receive the annual 
volume of Keports, gratis, or to purchase it at reduced (or Members’) prn-e, 
according to the following specification, viz. : — 

» 

1 . Gratis, — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sura of Two Pounds as a Eook Subscription, or, since 1845, a 
further sum of Fi\e Pounds. 

Kew Life l^tembers who have paid Ten Pounds as a composition. 

} Annual !^[cmbers who have not intermitted their Annual Sub- 

scription. 

2. At reduced or Memhers^ Prices, viz. two-thirds of the Publication 

Price. — Old Life Members who have paid Five Pounds os a 
composition for Annual Payments, but no further sum as a 
Eook Subscnption. 

Annual Members who have intermitted their Annual Riibscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing their sets) any 

of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more than 1 00 copies remain, at onc-third of 
the Publication Price. Application to be made at the Office 
of the Association, 22 Albemarle Street, London, W. 
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Volumes not claimed -within two years of the date of publication can only 
be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


Meeiinys. 

Tlio Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee two years in 
advance ; and the Arrangements for it shall be entrusted to the Officers of 
the Association. 


General Committee. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons : — 

Class A. Permanent Members. 

1. lyiembers of the Council, Presidents of the Association, and Presidents 
of Sections for the present and preceding years, with Authors of Keports in 
tlio Transactions of the Association. 

2. IMcmbers who by the publication of Works or Papers have furthered 
the advancement of those subjects Avhich arc taken into consideration at tho 
Sectional ]\fcctings of the Association. With a vieiv of suhmittmf/ new claims 
xinder this llule to the decision of the Council, theij must he sent to the jlssistant 
General Secretarif at least one month before the Meeting of the Association, 
The decision of the Council on the claims of any Member of the Association to 
be jdaced on the list of the General Committee to he final. 

Class B. Temporary lyiEMBERS. 

1. Presidents for the time being of any Scientific Societies publishing Trans- 
actions or, in Ills absence, a delegate representing him. Claims under this Hide 
to be sent to the Assistant General Secretary before the opening of the Meeting. 

2. Office-bearers for the time being, or delegates, altogether not exceeding 
three, from Scientific Institutions established in the place of Meeting. 
Claims under this llule to be approved by the Local Secretaries before the 
opening of the Meeting. 

2. Poreigners and other individuals whoso assistance is desired, and who 
are specially nominated in writing, for the Meeting of tho year, by tho Pre- 
sident and General Secretaries. 

4. Vice-Presidents and. Secretaries of Sections. 

Organizing Sectional Committees^ * 

The Presidents, Vice-Presidents, and Secretaries of the several Sections 
arc nominated by the Council, and have power to act until their names are 
submitted to the General Committee for election. 

Prom the time of their nomination they constitute Organizing Committees 
for tho purpose of obtaining information upon tho Memoirs and Beports 
likely to bo submitted to the Sections t, and of preparing Beports thereon, 

* Papsed by the General Comniittco, Edinburgh, 1871 • 

t hoficc to Conirdmlors of Memoirs — Authors are reminded that, tliulor au arrange 
ment dating from 1871, the acceptance of Memoirs, and the days oh which they are to bo 
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and on the order in which it is desirable that they should be read, to bo pre- 
“lented to the Committees of the Sections at their first Meeting. 

An Organizing Committee may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, under any circum- 
itances, meet on the first Wednesday of the Annual Meeting, at 11 a.m., to 
lettle the terms of their Report, after which their functions as an Organizing 
Committee shall cease. 


Constitution of the Sectional Committees^, 

On the first day of the Annual Meeting, the President, Vice-Presidents, 
and Secretaries of each Section having been appointed by the General Com- 
mittee, these Officers, and those previous Presidents and Vice-Presidents of 
the Section who may desire to attend, are to meet, at 2 p.m., in their Com- 
mittee Rooms, and enlarge the Sectional Committees by selecting individuals 
from among the Members (not Associates) present at the Meeting whose as- 
sistance they may particularly desire. The Sectional Committees thus con- 
stituted shall have power to add to their number from day to day. 

The List thus formed is to bo entered daily in the Sectional Minutc-Rook, 
and a copy forwarded without delay to the Printer, who is charged with 
pubhshing the same before 8 a.m. on the next day, in the Journal of the 
Sectional Proceedings. 


Business of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday at 2 p.m., on the 
following Thursday, Priday, Saturday, Monday, and Tuesday, from 10 to 
11 A.M., punctually, for the objects stated in the Rules of the Association, 
and specified below. 

The business is to be conducted in the following manner : — 

At the first meeting, one of the Secretaries will read the Minutes of last 
year’s proceedings, as recorded in the Minuto-Eook, and the Synopsis of 
Recommendations adopted at the last Meeting of the Association and printed 
in the last volume of the Transactions, lie will next proceed to read the 
Report of the Organizing Committee f. The List of Communications to bo 
read on Thursday shall bo then arranged, and the general distribution of 
business throughout the week shall be provisionally appointed. At the close 
of the Committee Meeting the Sccrotanes shall forward to the Printer a List 
of the Papers appointed to be read. The Printer is charged with publishing 
the same before 8 a.m. on Thursday in the Journal^. 

On the second day of the Annual Meeting, and the following days, the 


read, are now as far as possible determined by Organizing Committees for tbe several 
Sections before the beginning of the Meeting It has therefore becomo necessary, in order 
to give an opportunity to the Committees of doing juslico to the-several Communications, 
tliat each Author should prepare an Abstract of Ins Memoir, of a length suitable for in- 
sertion in the published Transactions of the Association, and that he should send it, toge- 
ther with the original Memoir, by book-post, on or before addressed 

thus — “General Secretaries, British Association, 22 Albemarle Street, London, W. For 

Section ” If it should be inconvenient to the Author that his Paper should be read 

on any particular days, he is requested to send information thereof to the Secretaries m a 
separate note 

* Passed by the General Committee, Edinburgh, 1871. 

t This and the following sentence were added by the General Committee, 1871. 
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Secretaries are to correct, on a copy of the Journal, the list of papere which 
have been read on that day, to add to it a list of those appointed to be read 
on the next day, and to send this copy of the Journal as early in the day as 
possible to the Printers, who are charged with pnnting the same before 8 a.m. 
next morning in the Journal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Office and revise the proof each 
evening. 

Minutes of the proceedings of every Committee are to be entered daily in 
the Minute-Book, which should bo confirmed at the next meeting of the 
Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Authors, are to be forwarded, at the close of the Sec-‘ 
tional Meetings, to the Assistant General Secretary. 

The Vice-Presidents and Secretaries of Sections become ex ojjiclo temporary 
Members of the General Committee (vide p. xix), and will receive, on ap- 
plication to the Treasurer in the Reception Room, Tickets entitling them to 
attend its Meetings. 

The Committees will take into consideration any suggestions which may 
bo offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association and the communi- 
cations made to the Sections at this Meeting, for the purposes of selecting 
definite points of research to which individual or combined exertion may be 
usefully directed, and branches of knowledge on the state and progress of 
which Reports arc wanted ; to name individuals or Committees for the exe- 
cution of such Reports or researches ; and to state whether, and to what de- 
gree, these objects may be usefully advanced by the appropriation of the 
funds of the Association, by application to Government, Philosophical Insti- 
tutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, it is 
expedient that all Members of the Committee should be named, and one of 
them appointed to act as Secretary , for insuring attention to business. 

Committees have power to add to their number persons whose assistance 
they may require. 

The recommendations adopted by the Committees of Sections are to bo 
registered in the Forms furnished to their Secretaries, and one Copy of each 
is to be forwarded, without delay, to the Assistant-General Secretary for pre- 
sentation to the Committee of Recommendations. Unless this be done, the 
Recommendations cannot receive the sanction of the Association. 

N.B . — Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can bo 
referred to the Committee of Recommendations or confirmed by the General 
Committee, 


Notices Regarding Grants of Money. 

Committees and individuals, to whom grants of money have boon entrusted 
by the Association for the prosecution of particular researches in Science, 
are required to present to each following Meeting of the Association a Report 
of the progress which has been made ; and the Individual or the Member first 
named of a Committee to whom a money grant has been made must (pre- 
viously to the next meeting of the Association) forward to the General 
1871. c 
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Secretaries or Treasurer a statement of the sums which have been expended, 
and the balance which remains disposable on each grant. 

Grants of money sanctioned at any one meeting of the Association expire 
a week before the opening of the ensuing Meeting; nor is the Treasurer 
authorized, after that date, to allow any claims on account of such grants, 
unless they be renewed in the original or a modified form by the General 
Committee. 

Ko Committee shall raise money in the name or under the auspices of the 
British Association without specif permission from the General Committee 
to do so ; and no money so raised shall be expended except in accordance 
with the rules of the Association. 

In each Committee, the Member first named is the only person entitled to 
call on the Treasurer, "W. Spottiswoode, Esq., 50 Grosvenor Place, London, 
S.W., for such portion of the sums granted as may from time to time be 
required. 

In grants of meney to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named is deemed 
to include, as a part of the amount, whatever balance may remain unpaid on 
the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of the Association 
are to bo deposited at the Office of the Association, 22 Albemarle Street, 
Piccadilly, London, W., when not employed in carrying on scientific inquiries 
for the Association. 


Business of the Sections. 

The Meeting Room of each Section is opened for conversation from 10 to 
11 daily. The Section Rooms and approaches thereto can he used for no notices, 
exhibit Lons, or other purposes than those of the Association. 

At 11 precisely the Chair will be taken, and the reading of communica- 
tions, ill the order, previously made public, be commenced. At 3 p.m. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications de- 
livered in may render such divisions desirable. 

A Report jiresented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of the 
Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 

1. — To remain constantly at the Doors of the Rooms to which they are ap- 
pointed during the whole time for which they are engaged. 

— To require of every person desirous of entering the Rooms the exhibi- 
tion of a Member’s, Associate’s or Lady’s Ticket, or Reporter’s Ticket, 
signed by the Treasurer, or a Special Ticket, signed by the Assistant- 
General Secretary. 

— Persons unprovided with any of these Tickets can only be admitted to 
any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the Asso- 
ciation whose names are printed in the Programme, p. 1. 
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Duties of the Messengers, 

To remain constantly at the Rooms to which they are appointed j during 
the whole time for which they are engaged, except when employed on mes- 
sages by one of the Officers directing these Rooms* 

Committee of Recommendations, 

The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Researches, 
and Reports on Scientific Subjects shall be submitted to the Committee of 
Recommendations, and not taken into consideration by the General Committee 
unless previously recommended by the Committee of Recommendations. 


Local Committees, 

Local Committees shall bo formed by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 


Officers, 

A President, two or more Vice-Presidents, one or more Secretaries, and a 
Treasurer shall be annually appointed by the General Committee. 


Council, 

In the intervals of the Meetings, the affairs of the Association shall be ma- 
naged by a Council appointed by the General Committee. The Council may 
also assemble for the despatch of business during the week of the Meeting, 


Papers and Communications, 

The Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

Accounts. 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 
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REPORT — 1871. 


Presidents and Secretaries of the Sections of the Association. 


Date and Place Presidents. Secretaries. 


MATHEMATICAL AND PHYSICAL SCIENCES. 


COMMITTEE OF SCIENCES, I. MATHEMATICS AND GENERAL PHYSICS. 

1832. Oxford Davies Gilbert, D C L , F R.S . . Rev II Coddmgton. 

1833. Cambridge Sir D. Brewster, FRS Prof. Forbes, 

1834. Edinburgh Rev. W. Whewell, F.R S Prof. Forbes, Prof Lloyd. 


SECTION A. — MATHEMATICS AND PHYSICS. 

1835. Dublin . .. Rev. Dr Robinson Prof Sir W. R Hamilton, Prof. 

^W^liontstono 

1830 Bristol. .. Rev. William Wliowell, F R S... Prof Forbes, W S Harris, F. W. 

Jerrard 

1837. Liverpool . Sir D. Brewster, FRS W S Harris, Rev Prof Powell, Prof. 

Stevelly 

1838. Newcastle Sir J F. W. Herschel, Bart, Rev Prof Clievallier, Major Sabine, 

FRS Prof Stevelly 

1839 Birmingham Rev Prof. Whewell, F R.S J D Chance, W Snow Harris, Prof. 

Stevelly 

1840 Glasgow . Prof. Forbes, F R S Rev Dr Forbes, Prof Stevelly, Arch. 

Smith. 

1841 Plymouth Rev Prof Lloyd, FRS. ... Prof Stevelly, 

1842. Manchester Very Rev. G Peacock, D D , Prof M‘Culloch, Prof Stevelly, Rev. 

FRS W Scorosby 

1843 Cork Prof M'Culloch, M R I A J Nott, Prof Stevelly 

1844 York The Earl of Rosse, FRS . Rev Wm Hey, Prof Stevelly. 

1845. Cambridge The Very Rev. the Dean of Ely . Rev H Goodwin, Prof Stevelly, G. 

G Stokes. 

1840 Southampton Sir John F. W. Herschel, Bart, John Drew, Dr Stevelly, G G. 

FRS Stokes 

1847 Oxford . ,. Rev, Prof Powell, M, A,, F.R S Rev H Price, Prof. Stevelly, G. G. 

Stokes. 

1848 Swansea . . . Lord Wrottesley, FRS Dr Stevelly, G G Stokes 

1849. Birmingham WiUiam Hopkins, F.R S Prof Stevelly, G. G Stokes, W. 

Ridout Wills 

1850. Edinburgh .. Prof J D. Forbes, F.R.S., Sec W J. Macquorn Rankine, Prof. 

R S E. Smvth, Prof. Stevelly, Prof. G G. 

StOKCS. 

1851. Ipswich Rev. D.D , F.R S , S. Jackson, W. J. Macquorn Rankino, 

&c Prof Stevelly, Prof G. G. Stokes 

1852 Belfast .... Prof. W. Thomson, M A., F.R S Prof. Dixon, W. J. Macquorn Ran- 

L. & E, kine, Prof. Stevelly, J TYndall, 

1853. Hull The Dean of Ely, FRS B. Blaydes Haworth, J 1), Solhtt, 

Prof Stevelly, J Welsh. 

1854. Liverpool.. Prof. G. G. Stokes, MA., Sec J Hartnup, 11 G Puckle, Prof. 

R.S Stevelly, J. Tyndall, J. Welsh. 

1855. Glasgow . , Rev. Prof. Kelland, M. A , F.R S Rev Dr. Forbes, Prof D. Gray, Prof. 

L. & B. Tyndall. 

1856. Cheltenham Rev. R. Walker, M. A., F.R.S. .. C. Brooke, Rev. T. A, Southwood, 

Prof. Stevelly, Rev. J. C Turnbull. 

1857. Dublin Rev T. R. Robinson, D.D.,F.R.S., Prof. Curtis, Prof Hennessy, P A. 

M R.I.A. Ninnis, W. J. Macquorn Rankine, 

Prof. Stevelly. 
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Date and Place. Presidents. Secretaries. 

1858. Leeds Rev. W.Whewell, D.D., V.P.R.S. Rev. S. Earnshaw, J. P. Hennessy, 

Prof. Stevelly, H. J. S Smith, Prof. 
Tyndall. 

1859. Aberdeen ...The Earl of Rosse, M A., K.P., J.P. Hennessy, Prof Maxwell, H.J.S. 

E R S Smith, Prof Stevelly. 

1860. Oxford.... Rev. B. Price, M.A , F R S .... Rev. G. C Bell, Rev. T. Rennison, 

Prof Stevelly. 

1861. Manchester . G. B. Airy, M A., D.C.L., F.R.S Prof R. B Clifton, Prof. H. J S. 

Smith, Prof. Stevelly. 

1862. Cambridge . Prof G. G Stokes, M A., F R.S Prof R. B. Clifton, Prof H. J. S. 

Smith, Prof Stevelly 

1863. Newcastle Prof W J Macquorn Rankine, Rev. N. Ferrers, Prof. Puller, F. Jen- 

C.E., F R.S. km. Prof. Stevelly, Rev. C. T. 

Whitley. 

1864. Bath Prof Cayley, MA, F R.S, Prof Fuller, F. Jenkin, Rev. G. 

F R A S Buckle, Prof Stevelly 

1865. Birmingham W Spottiswoode, M.A., F.R S , Rev T N. Hutchinson, F. Jenkin, G. 

FRAS S Mathews, Prof H J S. Smith, 

J. M. Wilson 

1866. Nottingham Prof Wheatstone, D.C.L., F.R S Fleeming Jenkin, Prof. H. J S Smith, 

Rev S N Swann 

1867 Dundee . .. Prof. Sir W. Thomson, D CL, Rev. G. Buckle, Prof. G C. Foster, 

F R S Prof Fuller, Prof Swan. 

1868 Norwich . Prof J. Tyndall, LL D , F R S . Prof. (f. C Foster, Rev. R. Harley, 

R. B Ifayward 

1869 Exeter .... Prof J J. S^'lvester, LLI),Prof G C Foster, R. B Hayward, 

F R S. W K. Clifford 

1870. Liverpool J. Clerk Maxwell, M A , LL I)., Prof W G Adams, W. K Clifford, 

F R S Prof G C Foster, Rev. W. Allen 

Whitworth 

1871. Edinburgh Prof P G Tait, F R S E . Prof W G Adams, J T Bottomlov, 

Prof W K Clifford, Prof J 1). 
Everett, Rev R. Harley. 

CHEMICAL SCIENCE. 

COMMITTEE OF SCIENCES, 11. — CHEMISTRY, MINERALOGY. 

1832. Oxford John Dalton, D C L , F R S . . James F W Johnston 

1833 Cambridge John Dalton, D.C L,, F.R S. . Prof Miller. 

1834. Edmbur^i . Dr Hope Mr Johmston, Dr. Cliristison. 

SECTION R. CHEMISTRY AND MINER \L0GY. 

1835. Dublin .. Dr. T Thomson, F.R S Dr. Apjohn, Prof Johnston. 

1836. Bristol Rev Prof Cunimmg Dr Apjohn, Dr C. Henry, W. Hcra- 

path. 

1837. Liverpool Micliael Faraday, F.R S ... Prof Johnston, Prof. Miller, Dr. 

Reynolds 

1838. Newcastle Rev. William Whewell, F.R S.. Prof Miller, R L Pattinson, Thomas 

Richardson. 

1839 Birmingham Prof T Graham, F.R S Golding Bird, M D , Dr J. B. MeLson. 

1840. Glasgow .. Dr. Thomas Thomson, F.R.S. .. Dr. R D Thomson, Dr. T Clark, 

Dr L. Playfair 

1841. Plymouth. Dr. Daubeny, F.R.S J. Prideaux, Robert Hunt, W. M. 

Tweedy 

1842 Manchester. John Dalton, D.C.L, F.R S... . Dr L Pla^air, R Hunt, J. Graham. 

1843. Cork .. . Prof. Apjohn, M R.I A R. Hunt, Dr. Sweeny 

1844. York . . Prof. T. Graham, F R.S Dr R. Playfair, E. Solly, T H. Barker. 

1845. Cambridge.. Rev. Prof. Cumming.. R. Hunt, J. P. Joule, Prof. Miller, 

E. Solly 

1846. Southampton Michael Faraday, D.C L., F R.S. Dr JMiller, R. Hunt, W Randall. 
1847. Oxford . . Rev. W. V.Harcourt, M.A., F.R.S B. 0. Brodie, R. Hunt, Prof. Solly. 
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Date and Place . Presidents. Secretaries. 


1848. Swansea . Richard Phillips, F R S T 11 Henry, R. Hunt, T. Williams. 

1849. Birmingham .Tohn Percy, M D., F R S ... R Hunt, Q- Shaw. 

1850. Edinburgh Dr Chnstison, V P.R S E Dr Anderson, R Hunt, Dr. Wilson. 

1851. Ipswich . Prof Thomas Graham, F R S T J. Pearsall, W S Ward. 

1852. Belfast .. . Thomas Andrews, M D,, F R S Dr Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1853. Hull Prof J. F. W Johnston. M A , H S Blundell, Prof R Hunt, T. J. 

F.R S. Pearsall 

1854. Liverpool . . Prof. W. A. Miller, M D , F.R S. Dr Edwards, Dr. Gladstone, Dr. 

Price. 

1855. Glasgow . Dr. Lyon Playfair, C B., F R S Prof Frankland, Dr. H E Roscoe. 

1856. Cheltenham Prof. B C. Brodie, F R S. ... J. Horsley, P. J. Worsloy, Prof. 

Voelcker 

1857. Dublin . . Prof Apjohn, M.D., F R S , Dr Davy, Dr. Gladstone, Prof. Sul- 

M R I.A. livan. 

1858 Leeds Sir J. F. W. Herschol, Bart , Dr Gladstone, W. Odling, R. Ecy- 

D C L. nolds 

1859. Aberdeen . Dr Lyon Playfair, C.B., F R S J S Brazier, Dr Gladstone, G D. 

Liveing, Dr Odling 

1860. Oxford . Prof. B C Brodie, F R S. . . A. Vernon Harcourt, G. D. Liveing, 

A B Northcote. 

1861. Manchester Prof W. A Miller, MD, FRS A Vernon Harcourt, G. D Liveing 

1862. Cambridge Prof. W. A. Miller, M D , F R S H W Elphinstone, W. Odling, Prof. 

Roscoe 

1863. Newcastle.. Dr. Alex W. Williamson, FRS Prof Liveing, H. L Pattinson, J. C. 

Stevenson. 

1864 Bath W Odling, M B , F R.S , F C S. A. V. Harcourt, Prof Liveing, R. 

Biggs 

1865 Birmingham Prof. W A Miller, M D ,V P R S A. V Harcourt, H Adkins, Prof. 

Wanklyn, A Winkler Wills 

1866. Nottingham H Bence Jones, M D , F.R S J. H. Atherton, Prof Liveing, W. J. 

Russell, J. White 

1867. Dundee . Prof T Anderson,M D ,F R S.E A Crum Brown, Prof G. D Liveing, 

W J. Russell 

1868. Norwich . Prof.E .Frankland, F.R S ,FC.S Dr. A Crum Brown, Dr. W. J. Rus- 

»A1, F Sutton 

1869. Exeter .. Dr H. Debus, FRS, F.C S. .. Prof. A Crum Brown, M D , Dr. W. 

J Russell, Dr. Atkinson 

1870. Liverpool. Prof H E. Roscoe, B A , F R S , Prof. A Crum Brown, M.D , A. E 

F C.S. Fletcher, Dr. W. J Russell. 

1871. Edinburgh Prof T. Andrews, M.D., F.R.S. J. T Buchanan, W. N. Hartley, T. E. 

Thorpe. 

GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OP SCIENCES, III. — GEOLOGY AND GEOGKAPHT. 

1832. Oxford ... |R. I. Murchison, F.RS .John Taylor. 

1833. Cambridge [G. B. Greenough, F R S ... W Lon.sdale, John Phillips 

1834. Edinburgh .IProf. Jameson Prof. Phillips, T. Jameson Torrie, 

1 Rev. J. Yates. 

SECTION C. — GEOLOGY AND GEOGRAPHY. 

1835. Dublin R. J. Griffith Captain Portlock, T. J. Torrio. 

1836. Bristol Rev. Dr Buckland, F.R.S. — Geo- William Sanders, S. Stutchbury, T. J. 

graphy. R. I Murchison, F.R S. Torrie. 

1837. Liverpool Rev Prof. Sedgwick,F R S — Geo- Captain Portlock, R Hunter. — Geo- 

graphy. G B Grcenongh,F.B S graphy. Captain H. M Denham, R N 

1838. Newcastle.. C. Lyell, F R.S , V P G S. — Gco-W. 0. Trevelyan, Capt. Portlock. — ■ 

graphy. Lord Prudhope. Geography. Capt. Washington. 

1830. Birmingham Rev. Dr. Buckland, F.R.S. — Geo- George Lloyd, M D., H. E. Strickland, 

graphy G.B.Greenough,F.R.S. Charles Darwin. 
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Presidents. 

Secretaries. 

1840. Glasgow ... 

i 

Charles Lyell, F.RS. — Geogra- 
phy. G B. Greenough, F.R.S 

W J Hamilton, D. Milne, Hugh 
Murray, H. E. Strickland, John 
Scoular, M D 

1841. Plymouth.. 

H. T. Dela Beche,FRS. 

W. J Hamilton, Edward Moore, M.D., 
R Hutton 

1842. Manchester 

R I Murchison, F R S 

E W. Binney, R Hutton, Dr. R. 
Lloyd, H. E Strickland. 

1843. Cork 

Richard E Griffith, FRS., 
MRIA. 

Francis M. Jennings, H E. Strick- 
land. 

1844. York 

Henry Warburton, M.P , Pres 
Geol Soc. 

Prof.^Ansted, E. 11 Bunbury. 

1845. Cambridge |. 

Rev. Prof. Sedgwick, M.A ,F.R S 

Rev J C Camming, A. C. Ramsay, 
Rev. W Thorp 

1846. Southampton 

LeonardHorner,F R S — Geogra- 
phy. G. B. Greenough, F.R S 

Robert A Austen, J H. Norton, M D , 
Prof Oldham . — Geography Dr. C. 
T Beke 

1847. Oxford... . 

Very Rev. Dr. Buckland, F.R S. 

Prof. Ansted, Prof. Oldham, A. C. 
Ramsay, J. Ruskin. 

1848. Swansea . 

Sir H T. De la Beche, CB, 
FRS 

Starhng Benson, Prof Oldham, Prof. 
Ramsay 

1849. Birmingham 

Sir Charles Lyell, F R S , F.G S ; 

J Bcete Jukes, Prof. Oldham, Prof. 
A C Ramsay. 

1850. Edinburgh* 

Sir Roderick I. Murchison, F.R S 

A Keith Johnston, Hugh Miller, Pro- 
fessor Nicol. 


1851. Ipswich .. 

1852. Belfast . 

18.53. Hull 

1854. Liverpool . 

1855. Q-lasgow . 

1856. Cheltenham 

1857. Dublin .. . 

1858. Leeds 

1859. Aberdeen .. 

1860. Oxford 

1861. Manchester 

1862. Cambridge 

1863. Newcastle . 

1864. Bath 

1865. Birmingham 


SECTION c (continued), — geology. 


William Hopkins, M A , F R S.. 

Lieut.-Col. Porilock,Il E , F B S 

Prof Sedgwick, F R S 

Prof. Edward Forbes, F R S. 

Sir R. I Murchison, F R S . . 

Prof. A. C. Ramsay, F R S. . . 

The Lord Talbot de Malalndo . 

William Hopkins, M A., LL D , 
IT R S 

Sir Charles Lyell, LL D , D.C L., 
F R.S. 

Rev Prof Sedgwick, LL D , 
F R s , F a S. 

Sir R I Murchison, DCL, 
LL D , F R S , &e 

J. Bccto Jukes, M.A , F R S. .. 

Prof Warington W. Smyth, 
F R S., F Gt S 

Prof J Phillips, LL D., F R S , 
FOS 

Sir R. I. Murchison, Bart ,K.C.B. 


C. J. F Bunbury, G- W. Ormerod, 
Searles Wood 

James Bryce, James MacAdam, Prof. 

M‘Coy, l^rof Nicol 
Prof. Harkiiess, William Lawton. 
Jolm Cunningham, Prof Harkness, 
G. W Ormerod, J W Woodall. 
James Bryce, Prof Harkness, Prof. 
Nicol 

Rev P. B Brodie, Rev. R Hepworth, 
Edward Hull, J Scougall,T Wright. 
Prof Harkness, Gilbert Sanders, Ro- 
bert H Scott. 

Prof Nicol, H C Sorby, E. W. 
Shaw 

Prof. Harkness, Rev. J. Longmmr, H. 
C Sorby. 

Prof Harkness, Edward Hull, Capt, 
Woodall 

Prof. Harkness, Edward Hull, T. Ru- 
pert Jones, G W Ormerod 
Lucas Barrett, Prof. T. Rupert J ones, 
H C Sorby 

E F Boyd, John Daglish, H. C. Sor- 
by, Thomas Sopwith 
W B Dawkins, J. Johnston, H. C. 

Sorby, W. Pengelly. 

Rev P. B Brodie, J Jones, Rev. E. 
Myers, H. C. Sorby, W. Pengelly. 


* At the Meeting of the General Committee held in Edinburgh, it was agreed “ That the 
subject of Geography be sejiarated from Geology and combined with Ethnology, to consti- 
tute a separat o Section, under the title of the “ Geographical and Ethnological Section,’’ 
for Presidents and Secretaries of which see page xxxvi 
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Date and Place Presidents. Secretaries. 

1838. Newcastle T E Headlam, M D . . . . T M Greenhow, Dr J R W. Vose. 

1839. Birmingham John Yelloly, M D , F.R S. . Dr G. O. Rees, F. Ryland. 

1840. Glasgow .. James Watson, M.D Dr. J. Brown, Prot. Couper, Prof. 

Reid. 

1841. Plymouth P. M. Roget, M D., Sec.R.S. .. Dr. J. Butter, J. Fuge, Dr. R. S. 

Sargent. 

1842. Manchester. Edward Holme, M.D , F.L.S. .. Dr. Chaytor, Dr. R. S. Sargent. 

1843. Cork Sir James Pitcairn, M.D Dr. John Popham, Dr R S. Sargent. 

1844. York J. C. Pritchard, M D I. Erichsen, Dr. R. S. Sargent. 


SECTION E. PHYSIOLOGY. 

1845. Cambridge . Prof. J. Haviland, M D. ,. . Dr R. S. Sargent, Dr. Webster. 

1846. Southampton Prof. Owen, M.D , F.R S C P. Keele, Dr. Laycock, Dr. Sargent. 

1847- Oxford* ... Prof. Ogle, M.D. , F.R.S. Dr, Thomas K. Chambers, W. P. 

Ormerod. 

PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 

Prof Bennett, M D , F R S E. 

Prof. Allen Thomson, F.R S . . Prof J. H Corbett, Dr J. Struthcrs. 
Prof R. Harrison, M D. . . Dr, R D, Lyons, Prof. Redfern 

SirBon)aminBrodie,Bart .F R S C. G Wheelhouse 
Prof Sharpey, M D , SecR S ... Prof Bennett, Prof Redfern. 

Prof. G. Rolleston, M D , F L S Dr, R. M'Donnell, Dr Edward Smith. 
Dr. John Davy, F R S L & E. Dr W Roberts, Dr Edward Smith, 
C E Paget, M.D. . G. F. Helm, Dr. Edward Smith 

Prof Rolleston, M D., FRS . . Dr D Embleton, Dr W Turner. 

Dr Edward Smith, LL D , F.R S J S. Bartrum, Dr. W Turner 
Prof. Acland,M D,,LL D , F.R S Dr A Fleming, Dr P Heslop, Oliver 

I Pembleton, Dr W. Turner. 


1850. Edinburgh 
1855. Glasgow ... 

1857. Dublin 

1858. Leeds .... 

1859. Aberdeen ... 

1860. Oxford , 

1861. Manchester. 

1862. Cambridge 

1863. Newcastle... 

1864. Bath 

J865. Birminghmf 


GEOGRAPHICAL AHD ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries for Geography previous to 1851, .sec Section C, p xxxii ] 

ETHNOLOGICAL SUBSECTIONS OF SECTION D. 

1846. Southampton Dr Pritchard Dr. King. 

1847. Oxford . Prof 11. H. WiLson, M.A Prof Buckley. 

1848. Swansea G Grant Francis 

1849. Birmingham ... . Dr. R G Latham, 

1850. Edinburgh.. Vice-Admiral Sir A Malcolm ... Daniel Wilson. 

SECTION E. — GEOGRAPHY AND ETHNOLOGY. 

1851. Ipswich .. ISirR I Murchison, F R S., Pres. 'R. Cull, Rev. J. W. Donaldson, Dr. 

R G S. Norton Shaw. 

1852. Belfast.... Col. Chesnoy, R.A., D.CL,R Cull, R. MacAdam, Dr. Norton 

FRS Sliaw. 

1853. Hull R G. Latham, M.D., F.R S . R Cull, Rev. H W. Kemp, Dr Nor- 

ton Shaw 

1854. Liverpool.. Sir R. I. Murchison, D.C.L., Richard Cull, Rev. H. Higgins, Dr. 

F.R.S. Ihne, Dr Norton Shaw. 

1855. Glasgow .. Sir J. Richardson, M D , F.R.S. Dr. W. G Blackie, R Cull, Dr. Nor- 

ton Shaw. 

1856. Cheltenham Col Sir H. C. Rawlinson, K C.B R. Cull, F, D Hartland, W. H. Rum- 

sey, Dr(|Norton Shaw. 

* By direction of the General Committee at Oxford, Sections D and E were incorporated 
under the name of “Section D — Zoology and Botany, including Physiology” (seep, xxxiv). 
The Section being then vacant was assigned m 1851 to Geography, 
t Vtde note on preceding page. 
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Date and Place. Pi’esidents. Secretaries. 

1857. Dublin Rev. Dr. J.IIenthawn Todd, Pres R. Cull, S. Ferguson, Dr. R. R. Mad- 

R I A. den. Dr. Norton Shaw. 

1858 Leeds Sir R. I. Murchison, G C.St.S., R. Cull, Francis Qalton, P. O’Cal- 

F.R.S. laghan, Dr. Norton Shaw, Thomas 

Wright. 

1859. Aberdeen ...Rear-Admiral Sir James Clerk Ricliard Cull, Professor Geddes, Dr. 

Ross, D.C L , F.R.S. Norton Shaw. 

1860. Oxford Sir R. I. Murchison, D C.L., Capt. Burrows, Dr. J. Hunt, Dr. C. 

F.R S. Lempriere, Dr Norton Shaw 

1861. Manchester . John Crawfurd, F.RS Dr. J. Hunt, J Kingsley, Dr. Norton 

Shaw, W Spottiswoodo 

1862. Cambridge . Francis Galton, F R S J. W Clarke, Rev J. Glover, Dr. 

Hunt, Dr Norton Shaw, T Wright. 

1863. Newcastle... Sir R I. Murchison, KCB,C Carter Blake, Huino Greenfield, 

F R S. C R Markham, R S Watson 

1864 Bath Sir R I. Murchison, K.C B , II W Bates, C R Markham, Capt. 

F R S. R. M Murchison, T Wright 

1865 Birmingham Major-General Sii R Rawhnson. H. W Bates, S. Fvens, G Jabet, C. 

M P , K C B , P R S R Markham, Thomas Wright. 

1866. Nottingham Sir Charles Nicholson, Bait, 11. W Bates, Rev E T Cusins, R, 

LL D. H. Major, Clements R Markham, 

D W Nash, T Wright 

1867. Dundee . Sir Samuel Baker, F R G S H. W. Bates, Cyril Graham, C R. 

Markham, S J Mackie, R Sturrock. 

1868. Norwich ... Capt. G.H. Richards, R.N., F.R.S T. Baines, 11 W. Bates, C. R. Mark- 

ham, T. Wright. 

SEcriON E (continued). — GEOOR.tpnY. 

1869. Exeter .... Sir Bartlo Frere, K C B., LL D , H. W. Bates, Clements R Markham, 

FR.GS J H. Thomas. 

1870. Liverpool. Sir R, 1 Murchison, Bt , K C B , H W Bates, David Buxton, Albert 

LL.D., D.C L , F R S., F G S J. Mott, Clements R Markliam. 

1871. Edinburgh Colonel Yule, C.B , F.R G S. .. Clements R Markham, A Buchan, 

J. II. Thomas, A. Keith Johnston. 

STATISTICAL SCIENCE. 

COMMITTEE OP SCIENCE^ VI. — STVTTSTICS. 

1833. Cambridge Prof. Babbage, F R S J. E. Drinkwater 

1834. Edinburgh . Sir Cliarles Lemon, Bart Dr. Cloland, C Hope Maclean 

SECTION P. STATISTICS. 

18.35. Dublin... Charles Babbage, F.R S W Greg, Prof Longfield. 

1836. Bristol.. . Sir Charles Lemon, Bart., F.R S Rev J E Bromby, C. B. Fripp, 

James Hoywood 

1837. Liverpool Rt Hon. Lord Sandon WE Gri^, W. Langton, Dr. W. C. 

Taylor 

18.38. Newcastle... Colonel Sykes, F R S W Cai gill, J Hoywood, W. R Wood. 

1839 Birmingham Henry Hallam, F.R S F Clarke, R. W. Raw, son, Dr. W. C. 

Tayler. 

1840. Gla.sgow ... Rt. lion. Lord Sandon, F.R.S., C. R. Baird, Prof. Ramsay, R. W. 

M P. Ran son. 

1841. Plymouth .. Lieut -Col. Sykes, F.R.S Rev Dr. Byrth, Rev. R. Luncy, R. 

W. Rawson. 

1842. Manchester. G. W. Wood, M.P., F.LS Rev R Luney, G. W. Ormerod, Dr. 

W. C. Tayler 

1843. Cork Sir C Lemon, Bart , M P .... Dr. D Bullen, Dr. W. Cooke Tayler 

1844. York Lieut -Col. Sykes, F.RS, F.L.S. J. Fletcher, J Hojwood Dr Laycoek. 

1845 Cambridge Rt. Hon. The Earl FiDwiDiam J Fletcher, W. Cooke Tayler, LL 1) 

1846 Southampton G. R. Porter, F.R.S J. Fletcher, F' G P. Neison, Dr. W, 

1 C. Tayler, Rev. T- L* Shapeotr. 
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Date and Place. Presidents. . Secretaries. 

1847. Oxford .'.... Travers Twiss, D.O.L., F.E.S. .. Rev. W H. Cox, J. J. Danson, R G. 

P. Nelson. 

1848. Swansea . J H. Vivian, M P., FRS. J. Fletcher, Capt. R Shortrede 

1849. Birmingham Rt. Hon. Lord I^telton Dr Fmch, Prof. Hancock, F. O. P. 

Neison. 

1850. Edinburgh . Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. 

V.PRS.E. Stark, 

1851. Ipswich . . Sir John P. Boileau, Bart J. Fletcher, Prof. Hancock. 

1852. Belfast .... His Grace the Archbishop of Prof. Hancock, Prof Ingram, James 

Dublin. MacAdam, Jun. 

18.53 Hull James H^wood, M.P., F.R S Edward Cheshire, William Newmarch. 

18.54. Liverpool .. Thomas 'Lxike, F.R.S E. Cheshire, J. T. Danson, Dr. W. IT. 

Duncan, W. Newmarch. 

1855. Glasgow R. Monckton Milnes, M.P J. A. Campbell, E. Cheshire, W. New- 

march, Prof. R. H. Walsh. 

SECTION p {continued ). — economic science and' statistics, 

1856. Cheltenham Rt. Hon. Lord Stanley, M P. ... Rev C, H. Bromby, E. Cheshire, Dr. 

W. N. Hancock Newmarch, W. M. 

1857 Dublin .... His Grace the Archbishop of Prof. Cairns, Dr H. D. Hutton, W. 

Dublin, M R I. A. Newmarch. 

18,58. Leeds Edward Baines T, B Baines, Prof. Cairns, S Brown, 

Capt. Fishbourne, Dr J. Strang. 

1859 Aberdeen Col Sykes, M.P., F.R S Prof Cairns, Edmimd Macrory, A. M. 

Smith, Dr John Strang. 

1860. Oxford Nassau W. Senior, M A Edmund Macrory, W Newmarch, 

Rev. Prof J. E T Rogers. 

1861. Manchester William Newmarch, F.R.S. . .. David Chadwick, Prof R C. Christie, 

E. Macrory, Rev. Prof J. E T. 
Rogers 

1862. Cambridge. Edwin Chadwick, C.B .... HD. Macleod, Edmund Macrory. 

1803. Newcastle . William Tite, M P., F R S T Doubleday, Edmund Macrory, 

Frederick Purdy, James Potts 

1804. Bath .. , . William Farr, MD, DCL,E Macrory, E T. Payne, F Purdy 

F.R S. 

1865. Birmingham Rt Hon. Lord Stanley, LL D., G J. D Goodman, G J Johnston, 

M.P. E, Macrory 

1866 Nottingham Prof. J. E. T. Rogers R Birkin, Jun,, Prof. Leone Levi, E. 

Macrory. 

1867. Dundee , . M. E Grant Duff, M.P Prof, Leone Levi, E. Macrory, A. J. 

Warden. 

1808. Norwich .. Samuel Brown, Pres Instit. Ac- Rev. W. C. Davie, Prof. Leone Levi. 

tuaries. 

1869. Exeter .... Rt Hon. Sir Stafford H. North- Edmund Macrory, Frederick Purdy, 

cote, Bart , C.B., M.P Charles T. D. Acland. 

1870 Liverpool... Prof. W. Stanley Jevons, M. A. .. Chas. R Dudley Baxter, E Macrory, 

J. Miles Moss. 

1871. Edinburgh Rt. Hon. Lord Neaves J. G. Fitch, James Meiklo. 


MECHANICAL SCIENCE. 

SECTION G.— MECHANICAL SCIENCE. 

1836. Bristol .... Davies Gilbert, D C.L., F.E.S... T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool .. Rev. Dr. Robinson Charles Vignoles, Thomas Webster. 

1838. Newcastle . . Charles Babbage, F.R 8. R. Hawthorn, C. Vignoles, T. Webster. 

1839. Birmingham Prof. Willis, F.E.S., and l^bert W. Carpmael, William Hawkes, Tho- 

Stephenson. mas Webster. 

1840. Glasgow ... Sir John Robinson.,.. ...... ........ J. Scott Russell, J. Thomson, J, Tod, 

C. Vignoles. 





PRESIDENTS AND SECRETARIES OF THE SECTIONS, 


XXXIX 


Date and Place. Presidents. Secretaries. 


1841. Plymouth.. John Taylor, F.R.S Henry Chatfield, Thomas Webster. 

1842. Manchester . Bov. Prof. Willis, F.E S J. F. Bateman, J. Scott Russell, J. 

Thomson, Charles Vignoles 

1843. Cork Prof. J. Macneill, M.R.I.A James Thomson, Robert Mallet. 

1844. York .. John Taylor, F.R S Charles Vignoles, Thomas Webster 

1845 Cambridge Q-eorge Rennie, F R S Rev. W. T, Kingsley. 

1846. Southampton Rev. Prof. Willis, M.A , F.R S. . William Betts, Jun , Cliarles Manby. 

1847. Oxford .... Rev. Prof. Walker, M.A , F.R S. J. Glynn, R A. Le Mesuncr 

1848. Swansea .. . Rev. Prof Walker, M A., F R S R. A Le Mosuner, W. P Struve 

1849. Birmingham Robert Stephenson, M P , F R S, Charles Manby, W. P, Marshall 

1850. Edinburgh . Rev. Dr. Robinson . ..Dr Lees, David Stephenson. 

18,51 Ipswich.... William Cubitt, F R S John Head, Charles Manby. 

1852. Belfast .... John Walker, C E., LL.D , F.R S John F. Bateman, C B Hancock, 

Cliarles Manby, James Thomson 

1853 Hull William Fairbairn, C E., F.R S.. James Oldham, J Thomson, W Sykes 

Ward. 

1854. Liverpool ... Jolm Scott Russell, F.R S John Grantham, J. Oldham, J. Thom- 

son. 

1855. Glasgow ...W. J Macquorn Rankine, C E., L Hill, Jun., William Ramsay, J. 

F.R S ’ Thomson. 

1856. Cheltenham George Rennie, F R.S C. Atherton, B Jones, Jun, II. M. 

Jeffery. 

1857. Dublin The Right Hon. The Earl of Prof Downing, W. T Doyne, A. Tate, 

Rosse, FR.S. James Thomson, Henry Wright. 

1858. Leeds William Fairbairn, F.R S. . .. J. C. Dennis, J Dixon, II. Wright. 

1859. Aberdeen ... Rev. Prof. Willis, M A , FR S . R Abernethy, P. Le Neve Foster, IT. 

Wright. 

1860 Oxford Prof. W J. Macquorn Rankine, P. Le Neve Foster, Rev. F Harrison, 

LL D., F.R S. Henry Wright 

1861. Manchester . J. F. Bateman, C.E., F R S P Le Neve Foster, John Robinson, II 

Wright 

1862. Cambridge .. William Fairbairn, LLD.,FR.S W. M Fawcett, P Lo Neve Foster. 

1863. Newcastle .. Rev Prof. Willis, M.A , P' R S. P. Lo Neve Foster, P Wostmacott, J. 

F Spencer. 

1864 Bath J. Hawkshaw, F R S. .. . P Lo Neve Foster, Robert Pitt. 

1865. Birmingham Sir W. G Armstrong, LL.D , P. Lo Nevo Foster, Henry Lea, W. P 

F.R.S. Marshall, Walter May. 

1860. Nottingham Thomas Hawksley, V.P.Inst P. Le Neve Foster, J. F. Isclm, M. 

C E , P\G.S. A. Tarbottom. 

1867. Dundee Prof. W J. Macquorn Rankine, P Le Nevo Foster, Jo’nn P Smitli, 

LL.D., F.R S. W. W Urquhart 

1868. Norwich .. G. P. Bidder, C.E., F.R.G S . P. Le Neve P'o-ster, J. F. Iselin, 0. 

Manby, W. Smith 

1809. Exeter . C, W. Siemens, F.R S. ... P. Le Nevo Foster, 11 Bauerman. 

1870. Liverpool.. Chas. B Vignoles, C.E., F.R.S. H. Bauerman, P. Lo Neve Foster, T. 

King, J N Shoolbred. 

1871. Edinburgh Prof. Fleeming Jenkin, F.R S . II. Bauerman, Alexander Leslie, J. P. 

Smith 

List of Evening Lectures. 

Date and Place. Lecturer. Subject of Discourse. 

1842. Manchester . Charles Vignoles, F.R.S The Principles and Construction of 

Atmospheric Railways. 

Sir M. I. Brunei The Thames Tunnel. 

B. 1. Murchison The Geology of Russia. 

1843. Cork ......... Prof. Owen, M.D., F.R S. ..... The Dinomis of New Zealand. 

Prof. E. Forbes, F.R.S The Distribution of Animal Life in 

the jEgean Sea. 

D r. Robinson . . The Ean of Rosse’s Telescope. 

cl 2 
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Pate and Place. Lecturer. Subject of Discourse. 


1844. York Cliarle.s Lyell, F.R.S Geology of North America. 

Dr. Falconer, F.R.S The Gigantic Tortoise of the Siwalik 

Hills in India. 


1845. Cambridge .. G. B. Airy, F.R.S.,A.stron.Royal Progress of Terrestrial Magnetism. 

R I. Murchison, F.R.S Geology of Russia. 

1840 Southampton Prof. Owen, M.D., F.R.S Fossil Mammalia of the British Isles. 

Charles Lyell, F.R S Valley and Delta of the Mississippi. 

W. R. Grove, F.R S Properties of the Explosive substance 

discovered by Dr. Schonbein ; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

1847. Oxford Rev. Prof. B. Powell, F.R.S. ... Shooting-stars. 

Prof. M. Faraday, F.R.S Magnetic and Diamagnetic Pheno- 

mena. 

Hugh E. Strickland, F.G.S. ... Tlio Dodo {Didus inepius). 

1848. Swan.sea .. John Percy, M.D, F.R S. .. Metallurgical operations of Swansea 

and its neighbourliood. 

W. Carpenter, M D , F R S. . . Recent Microscopical Discoveries. 

1849. Birmingham Dr. Faraday, F.R S Mr Gassiot’s Battery. 

Rev Prof. Willis, M A , F.R S Transit of different Weights with 

varying velocities on Railways 

1850. Edinburgh. Prof. J. H. Bennett, M D Passage of the Blood through the 

F.R S E. minute vessels of Animals in con- 

nexion with Nutrition. 

Dr Mantell, F.R S Extinct Birds of New Zealand 

1851. Ipswich .... Prof R. Owen, M D , F.R.S. Distinction between Plants and Ani- 

mals, and their changes of Form. 

G. B Airy, F R S , Astron Roy Total Solar Eclipse of July 28, 1851. 

1852 Belfast Prof G G. Stokes, D.C L , F.R S. Recent discoveries in the properties 

of Light. 

Colonel Portlock, R E , F.R.S Recent discovery of Rock-salt at 

Carrickfergus, and geological and 
practical considerations connected 
with it. 

1853. Hull Prof J Phillips, LL D , F.R S.. Some peculiar phenomena in the Gco- 

F G S. logy and Physical Geography of 

Yorkshire 

Rolwrt Hunt, F R S . . The present state of Photography. 

1854 Liverpool.. Prof R Owen, M1),FRS Anthropomorphous Apes 

Col. E Sabine, Y P R S Progress of researches in Terrestrial 

Magnetism 

1855. Glasgow... Dr. W. B. Carpenter, F R S. Characters of Species. 

Lieut.-Col H. Rawlinson . . Assyrian and Babylonian Antiquities 

and Ethnology 

1850. Cheltenham Col. Sir H. Rawlinson Recent discoveries in Assyria and 

Babylonia, with the results of Cunei- 
form research up to the present 
time. 

W. R Grove, F.R.S Correlation of Physical Forces. 

1857. Dublin Prof. W. Thomson, F.R S The Atlantic Telegraph. 

Rev Dr. Livingstone, D.C L. .. Recent discoveries in Africa. 

1858. Leeds Prof. J. Phillips, LL.D , F R S The Ironstones of Yorkshire. 

Prof. R. Owen, M.D., F.R.S. ... The Fossil Mammalia of Australia. 

1859. Aberdeen .. SirR I. Murchison, D.C L Geology of the Northern Highlands. 

Rev. Dr. Robinson, F.R.S Electrical Discharges in highly rare- 

fied Media 

1860. Oxford Rev, Prof. Walker, F R S Physical Constitution of the Sun. 

Captain Sherard Osborn, R.N. . Arctic Discovery. 

1861. Manchester . Prof W. A. Miller, M A,, F.R S. Spectrum Analysis. 

G B Airy, F.R S , Astron Roy The late Eclipse of the Sun. 

1862. Cambridge , Prof. Tyndall, LL D., F R S ... The Forms and Action of Water. 

Prof. Odling, F.R.S Organic Chemistry, 





LIST OF EVENING LECTUllES. 



Ddlo and Place. 


Lecturer. 


Subject of Diecours?. 


1863. Newcastle- 
on-Tyno. 


Prof. Wilhamson, F.B.S 


James Glaisher, F.R.S 


1864. Bath 

1865. Birmingham! 


Prof Roscoe, F.R.S 

Dr Livingstone, F.R.S 

J. Boete Jukes, F.R.S 


The chemistry of the Galvanic Bat- 
tery considered m relation to Dy- 
namics. 

The Balloon Ascents made for the 
British Association. 

The Chemical Action of Light. 

Recent Travels in Africa. 

Probabilities as to the position and 
extent of the Coal-measures beneath 
the red rocks of the Midland Coun- 


1866. Nottingham. 

1867. Dundee. .. 

1868. Norwich .... 

1869 Exeter 

1870 Liverpool ... 
1871. Edinburgh 


William Huggins, F.R S 

Dr J D Hooker.FRS 

Archibald Geikic, F R S. . . 

Alexander Hcrschel, F.R.A.S. ... 

J. Fergusson, F.R S 

Dr. W Odling, F.R S . 

Prof J. Phillips, LL D , F.R S 
J. Norman Lockycr, F R S. . . 

Prof J. Tyndall, LL.D , F R.S 
Prof W. J Macquorn Rankine, 
LL D., F R S 

F. A Abel, FRS 


E B. Tylor, F R.S 


ties. 

The results of Spectrum Analysis 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological origin of the present 
Scenery of Scotland 

The present state of knowledge re- 
garding Meteors and Meteorites 

Archaeology of the early Buddhist 
Monuments. 

Reverse Chemical Actions. 

Vesuvius. 

The Physical Constitution of the 
Stars and Nebulae 

The Scientific Use of the Imagination. 

Stream-lines and Waves, m connexion 
with Naval Architecture 

On some recent investigations and ap- 
plications of Explosive Agents. 

On the Relation of Primitive to Mo- 
dern Civilization. 


Lectures to the Operative Classes. 


1867 Dundee 

1868 Norwich .... 
1869. Exeter . 


1870. Liverpool ... 


Prof J Tyndall, LL D , F R S 
Prof Huxley, LL.D, FRS. . 
Prof, Miller, M.D , F.R S. . 


Sir John Lubbock, Bart., M.P., 
F.R.S. 


Matter and Force. 

A piece of Chalk 

Experimental illustrations of the 
modes of detecting the Compoti- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

Savages. 
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Table showing the Attendance and Receipts 


Date of Meeting. 

Wliere hold. 

Presidents, 


Old Life 
Members. 

New Life 
Members. 

1831, Sept 27 .. 

York 

Tho Earl Fitzwilliaiu, D 0 L .. 



1832, June 19 . 

Oxford 

The Eev W Buckland, P R S 

* • • 


1833, June 25 . 

Cambridge , 

The Rev A Sedgwick, F R S 



1834, Sept, 8 , 

Edinburgh . 

Sir T M Brisbane, D 0 L 

, 


1835, Aug 10 . 

Dublin 

Tho Rev Provost Lloyd, LL D 


, 

1836, Aug 22 . 

Bristol . . 

Tho Marquis of Lansdowne . 

• # . 

. , 

1837, Sept n 

Liverpool 

Tho Earl of Burlington, F R S 

, , 


1838, Aug 10 

Neweastle-on-Tyno 

Tlio Duke of Northumberland 



1839, Aug 26 

Birmingham . 

The Rev W Vernon Hareourt 



1840, Sc])t. 17 .. 

Glasgow . , 

The Marquis of Breadalbane 



1841, July 20 

Plymouth 

Tho Rev W Whewcll,FRS . 

169 

65 

1842, June 23 

Manchester 

The Lord P'rancis Egerton 

303 

169 

1843, Aug 17 

Cork ... 

The Earl ofRo8se,FRS 

109 

28 

1844, Sept 26 

York 

Tho Rev. G Peacock, D.D . 

226 

150 

1845, June 19 

Cambridge 

Sir John F W Ilerschel, Bart 

313 

36 

1846, Sept 10 

Southampton 

Sir Roderick I Murchison, Bart 

241 

10 

1847, Juno 23 

Oxford 

Sir Eobert H. Inglis, Bart 

314 

18 

1848, Aug 9 

Swansea 

The Marquis of Nortliampton 

149 

3 

1849, Sept 12 . 

Birmingham 

Tho Rev. T R. Robinson, D D 

227 

12 

1850, July 21 

Echnbuigh 

Sir David Brewster, K II. 

235 

9 

1851, July 2 ... 

Ipswich , 

G B Airy, Esq , Astron. Royal 

172 

8 

1852, Sept I 

Belfast 

Lieut -General Sabine, F.R S. 

164 

lo 

1853, Sept 3 

Hull 

Vv ilham Hopkins, Esq , F R S 

141 

13 

1854, Sept 20 

Liverpool 

The Earl of Ilarrowby, F R S. 

238 

23 

1855, Sept 12 

Glasgow 

The Duke of Argyll, F R S 

194 

33 

1856, Aug 6 . 

Cheltenham 

Prof C G B. Daubenv, M D 

182 ^ 

H 

1857, Aug 26 

Dublin 

The Rev. Humphrey Lloyd, D D 

236 ■ 

15 

1858, Sept 22 . 

Ijceds 

Richard Owen, M D , D C L 

222 

42 

1859, ^4 

Aberdeen 

H R H The Prince Consort 

184 

27 

i860, June 27 

Oxford 

The Lord Wrottosley, M A 

286 

21 

1861, Sept 4 

Manchester 

William Fairbairn, LL D.,P.R S 

321 

113 

1862, Oct I 

Cambridge 

The Rev Prof Willis, M A 

239 

15 

1863, Aug 26 

Newcastle-on-Ty no 

Sir William G. Armstrong, C B 

203 

36 

1864, Sept 13 , 

Bath 

Sir Charles Lyell, Bart , M A 

287 

40 

1865, Sept 6 

Birmingham 

Prof J Phillips, M. A, LLD. 

292 

44 

1 866, Aug 22 . 

Nottingham 

William R. Grove, Q C., F R S, 

207 

3 ^ 

1867, Sept, 4 

Dundee 

Tho Duke of Buccleuch, K C B 

167 

2^5 

1868, Aug 19 

Norwich . 

Dr Joseph D Hooker, F R S 

196 

18 

1869, Aug 18 

Exeter 

Prof G G. Stoke.s, D C L. .. 

204 

21 

1870, Sept 14 

Liverpool . 

Prof T H Huxley, LLD. 

314 

39 

1871, Aug 2 ... 

Edinburgh ... 

Prof.SirW. Thomson, LL.D.. 

j 

246 

28 






ATTENDANCE AND RECEIPTS AT ANNUAL MEETINGS. 
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at Annual Meetings of the Association. 


Attended by 

Amount 
received 
during the 
Meeting. 

Sums paid on 
Account of 
Grants for 
Scientilic 
Purposes, 

Old 

Annual 

Members. 

Now 

Annual 

Members 

Associates. 

Ladies. 

Foreigners 

Total, 







£ 

.s d . 



d . 

* * * 



• • 


353 



• * • 

... 


• 

. 


• . 


900 






• 


• 

•• 

. . 

1298 



20 

0 

0 

• 





• 

.. . 


167 

0 

0 



• 

•• 

* 

1350 

*. . 


434 

14 

0 

* 




... 

1840 

. . 


918 

H 

6 

♦ 



1100* 


2400 

. . 

. 

956 

12 

2 

• 

• 



34 

1438 

. 


*595 

II 

0 

46 

• 


60* 

40 

1353 


, 

1546 

16 

4 

317 

33 ^ 

. 

891 



^235 

10 

II 

75 

376 

331^ 

28 

1315 

. 


1449 

17 

8 

71 

185 

9 ^“ 

160 





1565 

10 

2 

45 

I 90 

260 





981 

12 

8 

94 

22 

407 

172 

35 

1079 



830 

9 

9 

65 

39 

270 

196 

36 

857 

, 


685 

16 

0 

197 

40 

495 

203 

53 

1260 



208 

5 

4 

54 

25 

370 

197 

15 

929 

707 

0 0 

275 

I 

8 

93 

33 

447 

237 

2Z 

1071 

963 

0 0 

J 59 

19 

6 

12S 

42 

510 

273 

44 

1241 

10S5 

0 0 

345 

18 

0 

61 

47 

244 

141 

37 

710 

620 

0 0 

391 

9 

7 

63 

60 

510 

292 

9 

1108 

1085 

0 0 

304 

6 

7 

56 

57 

367 

236 

6 

876 

903 

0 0 

205 

0 

0 

121 

121 

765 

5 H 

10 

1802 

1882 

0 0 

330 

19 

7 

142 

lOI 

1094 

543 

26 

ai 33 

•2311 

0 0 

480 

16 

4 

104 

48 

412 

346 

9 

H15 

1098 

0 0 

734 

^3 

9 

156 

120 

900 

569 

26 

2022 

2015 

0 0 

507 

IS 

3 

111 

9 * 

710 

509 

13 

1698 

193* 

0 0 

618 

18 

2 

125 

1 79 

1206 

821 

22 

2564 

2782 

0 0 

6S4 

II 

I 

177 

59 

636 

463 

47 

1689 

1604 

0 0 

1241 

7 

0 

184 

125 

1589 

791 

15 

3139 

3944 

0 0 

nil 

5 

10 

150 

57 

433 

242 


II61 

1089 

0 0 

1293 

16 

6 

154 

209 

1704 

1004 


3335 

3640 

0 0 

1608 

3 

10 

182 

103 

1119 

1058 

13 

2802 

2965 

0 0 

1289 

15 

S 

215 

149 

766 

508 

23 

1997 

2227 

0 0 

159^ 

7 

10 

218 

105 

960 

771 

11 

2303 

2469 

0 0 

1750 

13 

4 

193 

118 

1163 

771 

7 

2444 

2613 

0 0 

1739 

4 

0 

226 

117 

720 

682 

U5 

2004 

2042 

0 0 

1940 

0 

0 

229 

107 

678 

600 

17 

1856 

1931 

0 0 

1572 

0 

0 

303 

195 

1103 

910 

14 

2878 

3096 

0 0 

1472 

2 

6 

311 

127 

976 

754 

21 

2463 

257s 

0 0 





* Ladies were not admitted hj purchased Tickets until 1843 . 
t Tickets for admission to Sections only. J Including Ladies 
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SECTION G. MECHANICAL SCIENCE. 

President. — Professor Fleeraing Jenkin, O.E., F.R.S. 

Vice~Presideni8.—J. F. Bateman, F.R.S. ; Admiral Sir E. Belcher, K.C.B. ; F. J, 
BramweU, O.E. ; Peter Le Neve Foster, M.A. ; Professor W. J. Bankine, 
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Professor James Thomson, LL.I), 

Secretaries. — H. Bauerman, F.G.S. j Alexander Leslie, C.E. ; J, P, Smith, O.E, 

Report of the Council for the Year 1870-71, presented to the General 
Committee at Edinburgh, on Wednesday, August 2nd, 1871. 

At each of their meetings during the past year the Council have as usual 
received a report from the General Treasurer, as well as one from the Kew 
Committee. A resume of these Reports will he laid before the General 
Committee this day. 

The Council have had under their consideration the several resolutions, five 
in number, referred to them by the General Committee at Liverpool. They 
beg to report as follows upon the action they have taken in each case : — 
First Resolution — “ That the discontinuance of the maintenance of Kew 
Observatory by the British Association having been determined on, the 
President and Council bo authorized to communicate with the President and 
Council of the Royal Society, and with the Government, so that the future 
use of the buildings may in 1872 bo placed at the disposal of the Royal 
Society, in case the Royal Society should desire it, under the same con- 
ditions as those buildings are at present held by the British Association.” 

A copy of this resolution was forwarded by direction of your Council 
to the President and Council of the Royal Society. The following is the 
leply which one of your General Secretaries has received from Dr. Sharpey, 
Secretary of the Royal Society : — 

“ The Royal Society, Burlington House, 
July 8, 1871. 

“ Dear Dr. Hirst, — In reply to your letter of the 10th December, 1870, 
enclosing a copy of a resolution of the General Committee of the British 
Association relative to the future occupation of the buildings at Kew now 
held by the British Association, I am directed to acquaint you that the 
President and Council of the Royal Society are ready to take possession of 
the Observatory at Kew on the terms it is at present held from Her Majesty’s 
Government, as stated in a letter dated 26th March 1842, addressed to the 
President of the British Association from the Office of Woods, &c., viz. : — 
‘ during the pleasure and upon the conditions usual on such occasions, that 
no walls shall be broken through, and no alterations made that can affect 
the stability of the building, and alter its external appearance, without the 
previous sanction of the Board of Works.’ I have further to acquaint you 
that the President and Council have appointed a Standing Committee of 
Fellows of the Royal Society for the management of the Kew Observatory 
in accordance with the terms of the Gassiot Trust, consisting of the following 
gentlemen : — 

Mr. Warren De La Rue. Sir Edward Sabine. 

Mr. Francis Gal ton. Colonel Smythe. 

Mr. Gassiot. Mr. Spottiswoode. 

Admiral Richards. Sir Charles Wheatstone, 

and that £600 from the income of the Gassiot Fund has been placed at the 
disposal of that Committee to meet the expenses of the establishment for the 
ensuing year, “ I remain, yours very truly, 

(Signed) “ W. Sharpey, M.D., Secretary R. SJ* 
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Tlirougli the munificence of Mr. Gassiot, therefore, the Association can, 
without detriment to science, give up possession of the Kew Observatory at 
once instead of in 1872, as was originally contemplated. Your Council 
accordingly recommend that Government should be informed without 
further delay of the desire of the Association to see the direction and 
maintenance of the Kew Observatory transferred to the Ko 3 'al Society. 

Second liesolution . — “ That the Council be empowered to cooperate with 
the lloj'al and Royal Astronomical Societies, in the event of a new appli- 
cation being made to Government to aid in the observation of the Solar 
Eclipse of December 1870.” 

On the 4th November a Joint Committee of the Royal and Royal Astro- 
nomical Societies decided to make a second application; on the 5th of 
November your Council selected a few of their body to accompany the new 
deputation to Government which the above two Societies had resolved to 
send. The necessity for any such deputation was subsequently obviated 
through the intervention of private individuals, and, as is well known, aid 
was promptly and liberally granted bj' Government to the Eclipse Ex- 
pedition. 

Third Resolution . — “ Tliat the Council be requested to take such steps as 
they deem wisest, in order to urge upon Government the importance of 
introducing scientific instruction into the elementary schools throughout the 
country.” 

A Committee of your Council having considered the subject, recommended 
the appointment of a deputation to wait upon the I^ord rrcsidcnt of the 
Council m order to urge upon him the desirability of including elementary 
natural science amongst the subjects for which payments arc made by the 
authority of the Revised Code. The Council accoiclingly formed themselves 
into a deputation, and on the 13th of December 1870 had an interview with 
the Right Hon. W. E. Eorster, M.P., Yice-Prcsidcnt of the Committee of 
Council on Education, who was pleased to express Ins concuricnce with the 
objects of the deputation and his willingness to carry out those objects so far 
as circumstances would permit. 

Fourth Resolution . — “That the Council of the Biitish Association bo 
authorized, if it should appear to be dcsiiable, to uige upon Her Majesty's 
Government the expediency of proposing to the legislature a measure to 
insure the introduction of the mctilc system of weights and measures for 
international purposes.” 

The Council deemed it expedient to postpone the consideration of this 
resolution. 

Fifth Resolution . — That it is inexpedient that new institutions, such as 
the proposed Engineering College for India, should be established by Govern- 
ment, until the Royal Commission now holding an inquiry into the relation 
of the State to scientific instruction shall have issued their report. That the 
Council of the British Association be requested to consider this opinion, and, 
should they see fit, to urge it upon the attention of Her Majesty’s Govern- 
ment.” 

The Committee appointed without loss of time to consider and report on 
this resolution were infonned at their first meeting that the arrangements 
for the establishment of the College had been \irtually completed. Your 
President, however, in accordance with the wishes of this Committee, entered 
into unofficial communication with the authorities at the India Oflico, relative 
to the proposed examination for entrance into the new Engineering College, 
and succeeded thereby in gaining for natural science, as compared with 
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classics, a recognition, in the form of allotted marks, which it previously did 
not possess. 

Your Council has given considerable attention to the important question 
(raised at the last meeting) of a revision of the regulations relating to the 
proceedings of the several Sections at the annual meetings of the Association. 
Hitherto, it has been justly urged, these proceedings, from not having been 
sufficiently pre-arranged, have frequently been of too desultory and mixed 
a character. It is hoped that by a proper observance of the Eevised Itegu- 
lations which arc this day to bo submitted to the General Committee for 
approval, and by increased vigilance on the part of the Sectional Committees, 
much of this may be obviated, and that greater prominence may be given to, 
and a fuller discussion secured for, the really important communications 
which are annually made to the several Sections. 

The Council has pleasure in informing the General Committee that the 
Association at length possesses a central office in London. The Asiatic 
Society has, in consideration of a yearly rent of DlOO, granted to the Asso- 
ciation entire possession of four of their rooms at 22 Albemarle Street, and 
the use of another room for meetings of the Council and Committees. Your 
Council, moreover, acting under the power given to them by the General 
Committee at Liverpool, have engaged Mr. Askham as clerk at a salary of 
£120 a year. He is in attendance daily, and there transacts much of the 
business which was formerly done at the office of Messrs. Taylor and Francis, 
the printers to the Association. With the exception of certain works of 
reference, the whole of the books and MSS. formerly deposited at Kew have 
been transferred to 22 Albemarle Street, and are being catalogued and 
rendered available for reference by JMerabers of the Association. One of tho 
four rooms not at present in use has been sub-let to the London Mathe- 
matical Society. 

Tho Council having been informed by Dr. Hirst of his desire at the close 
of the present Meeting to resign his office as Joint General Secretary of the 
Association, appointed a Committee, consisting of tho General Officers and 
former General Secretaries, to select a successor. This Committee unani- 
mously recommended the appointment of Captain Douglas Galton, C.B., 
F.li S. The Council, entirely agreeing with tho Committee as to the high 
qualifications of Captain Galton for the office, cordially recommend his 
election by tho General Committee at their meeting on Monday next. 

The Council cannot allow this occasion to pass without expressing their 
sense of the great services rendoicd to the Association by Dr. Hirst; but 
they abstain from saying more, as they are uin\ illing to anticipate a more 
mature expression on the part of the General Committee. 

The Council have added the following names of gentlemen present at the 
last Meeting of the Association to the list of Corresponding Members : — 

Professor Yan Peneden. H. H. the Eajah of Kolapore. 

Dr. Crafts. M. Plateau. 

Dr. Anton Dohrn. Professor Tchebichef. 

Governor Gilpin, Colorado. 

The General Committee will remember that Brighton has already been 
selected as tho place of meeting next year. Invitations for subsequent 
meetings have been received by your Council from Bradford, Belfast, 
and Glasgow. 

Tho Council, lastly, recommend that the name of Professor Balfour bo 
added to the list of Vice -Presidents of the present Meeting. 
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Report of the Kew Committee of the British Association for the 
Advancement of Science for 1870-71. 

The Committee of the Kew Observatory submit to the Council of the British 
Association the following statement of their proceedings during the past 
year : — 

(A) Work done by Kew Observatory under ttie direction of the 

British Association. 

1. Magnetic worlc . — In their last Report the Committee stated the plan on 
which they proposed to reduce their Magnetic observations ; they now report 
that with reference to the reduction of the IVIagnctic Disturbances from 
January 1865 to December 1869, the period following that which has already 
been published, the discussion of Declination and Horizontal Porce Disturb- 
ances is nearly ready for presentation to the Royal Society, and that of tho 
Yertical Force is in progress ; when that is completed, the whole period, 1865 
to 1869 inclusive, will have been discussed at Kew. The tabular statement, 
which is herewith presented (see Appendix I.), exhibits the exact state of 
the reduction. 

Two Dipping-needles by Dover and one by Adio have been tested for Mr. 
Chambers, Superintendent of the Colaba Observatory ; and one needle has 
been procured from Dover and tested for Prof. Jelinek, of Vienna. 

A Dip-circle by Dover has been verified and forwarded to Prof. Jelinek, 
who ordered it on behalf of the K. K. militar-geographischcs Institut. 

Major-General Lefroy, Governor of Bermuda, having applied for tho loan 
of a Dip-circle, one has now been prepared for his use, and will be forwarded 
to Bermuda as soon as possible. A Dip-circle has been obtained from Dover, 
and, after verification, will be forwarded to tho Survey Department, Lisbon. 

At the request of Prof. Jelinek the Committee have undertaken to examine 
a Dip-circle by Repsold. It is of a large size and has eight needles, but Prof. 
Jelinek reports that the results obtained by them arc very discordant. 

Copies of certain specified magnetograph curves have been made and for- 
warded to the late Sir J. Herschcl, M. Diamilla Muller, of Florence, and Senhor 
Capello, of Lisbon, at the request of those gentlemen. 

The usual monthly absolute determinations of the magnetic elements con- 
tinue to be made by Mr. Whipple, the Magnetic Assistant. 

The Self-recording Magnetographs are in constant operation as heretofore, 
also under his charge. 

2. Meteorological work . — The meteorological work of the Observatory 
continues in the charge of Mr. Baker. 

Since the Liverpool Meeting, 113 Barometers (including 17 Aneroids) have 
been verified, and 2 rejected; 1320 Thermometers and 215 Hydrometers have 
likewise been verified. 

Two Standard Thermometers have been constructed for Owens College, 
Manchester, one for tho Rugby School, one each for Profs. Harkness and 
Eastmann, of tho Washington Observatory, four for Dr. Draper, of the New 
York Central Park Observatory, one for Major Norton, of tho Chief Signal 
OiBice, Washington, one for Mr. G. J. Symons, and three for tho Meteorolo- 
gical Committee. 

Three Thermograph Thermometers have been examined for Mr. Chambers, 
of the Colaba Observatory, and three for tho Meteorological Committee. 
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Two Standard Barometers have been purchased from Adie, and tested at 
Kew, one of which has been forwarded to the Chief Signal Office, Washington, 
and the other to Prof. Jack, of Predricton, New Brunswick. 

Tubes for the construction of a Welsh’s Standard Barometer on the Kew 
pattern, together with the necessary metal mountings, and a Cathetometer, 
have been made under the superintendence of the Committee for the Chief 
Signal Office, Washington. 

The Committee have likewise superintended the purchase of meteorological 
instruments for Owens College, Manchester, and for the Observatory attached 
to the University of Fredricton, New Brunswick. 

The Kew Standard Thermometer (M. S. A.), divided arbitrarily by the late 
Mr. Welsh, and employed for many years past as the standard of reference 
in the testing of thermometers, was accidentally broken on the 3rd of January. 
Since then a Kew Standard, of the ordinary construction, made in 1866, and 
which had been compared on several occasions with M. S. A., has been used 
to replace it. 

Copies of some of the meteorological observations made at Kew during the 
years 1869 and 1870 have been supplied to the ‘Institution of Mining 
Engineers at Newcastle-upon-Tyne, and the Editor of Whitaker’s Almanac, 
the cost of the extraction being paid by the applicants in both instances. 

A set of self-recording meteorological instruments, the property of the 
Meteorological Committee, have been erected in the Yerification-house, and 
are now undergoing examination.*^ 

The self-recording mctereological instruments now in work at Kew will bo 
again mentioned in the second division of this llcport. These are in the 
charge of Mr. Baker. 

3. PhotolieliograpJi . — The Kew Heliograph, in charge of Mr. Warren De 
La Eue, continues to be worked in a satisfactory manner. During the past 
year 362 jhetures have been taken on 205 days. The prints from the 
negatives alluded to in last lleport have been taken to date, and the printing 
of these has become part of the current work of the establishment. A paper 
by Messrs. Warren De La Buc, Stewart, and Loewy, embodying the position 
and areas of sun-groups observed at Kew duiing the years 1864, 3865, and 
1866, as wcU as fortnightly values of the spotted solar area from 1832 to 
1868, has been published in the Philosophical Transactions, and distributed 
to those interested in solar research. A Table exhibiting the number of 
sun-spots recorded at Kew during the year 1870, after the maimer of 
Hofrath Schwabe, has been communicated to the Astronomical Society, and 
published in their ‘ Monthly Notices.’ 

An apparatus is being constructed under the direction and at the expense 
of Mr. Warren De La Bue, and it will shortly be erected on the Pagoda in 
Kew Gardens, in order to be employed in obtaining corrections for optical 
distortion in the heliographical measurements. 

4. Miscellaneom worh . — Experiments are being made on the heat produced 
by the rotation of a disk in vacuo, 

A daily observation has been made with the Bigid Spectroscope, the 
property of Mr. J. P. Gassiot. 

Observations have been made with two of Hodgldnson’s Actinometers, 
the property of the Boyal Society, in order to compare them with the 
Actinometers deposited at the Observatory, for reference, before forwarding 
them to India. 

The Committee have superintended the purchase of optical apparatus, 
chemicals, &c. for the Observatories at Coimbra and Lisbon. 
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An inventory has been made of the apparatus, instruments, <S:c. at present 
deposited in the Observatory, and forms Appendix III. of the present lleport. 

In Apxiendix II. a list is given of the books at present in tlie Observa- 
tory, the property of the British Association. 

List B (Appendix II.) is a rough inventory of books, the property of the 
British Association, which have been transferred from the Observatory to the 
rooms of the Association in London for the purpose of being catalogued. 


(B) Work done at Kew as the Central Observatory of the 

METEOllOLOGICiL COMMITTEE. 

1. Worh done at Kew as one of the Observatories of the Meteorological Corn- 
mittee. — The Barograph, Thermograxih, Ancmograjih, and Bain-gauge are 
kept in constant ojioration. Mr. Baker is in charge of these instruments.^ 

Prom the first two instruments traces in duxdicato arc obtained, one set being 
sent to the Meteorological Ofiice and one retained at Kew. As regards the 
Ancmograjih and Bam-gauge, the original rceoids are sent, while a copy by 
hand of these on tracing-xiajier is retained. The tabulations from the curves 
of the Kew instruments are made by ^Icssrs Page and Bigby. 

2. Verification of liecords. — The system of checks devised by the Kew 
Committee for testing the accuracy of the observations made at the different 
Observatories continues to bo followed, as well as the ruling of zero lines in 
the Barogranis and Therniograins suggested by the ifeteorological Office. 
Jlcssrs. Bigby and Page perform this work, iMr. Baker, Meteorological 
Assistant, having the general superintendence of the department. 

3. Occasional Assi'^tance. — The Meteorological Commiitee have availed 
themselves of the permission to have the occasional seriices of ^Mr. Beckley, 
Mechanical Assistant at Kew ; and he has lately been visiting the various 
Observatories of the Meteorological Committee. 

The self-recording Baiii-gauge, as mentioned in the last Bcpoit, has been 
adopted by the Meteorological Committee, and instruments of this kind have 
been constructed for the various Observatories. 

A sciies of comparative observations was commenced in April 1870 of 
two Anemometers erected in the grounds attached to the Observatory, 
in order to compare the indications of a large and small instrument ; but as 
a discussion of the result showed them to have been greatly affected by the 
influence of the neighbouring buildings, the instruments were dismounted 
in January last and re-erected in an open jiart of the Park, at a distance 
from the Observatory. Three months’ observations were made in this posi- 
tion, and as these proved satisfactory, the instruments have been dismounted. 
The cost of this expenment has been defrayed by the Meteorological 
Committee. Owing to his duties in Manchester, and to a railway accident, 
Or. Stewart has not been able during the last year to devote much timo 
to the Observatory. During his absence his most pressing duties were dis- 
charged by Mr. Whipple in an efficient manner. 

The Observatory was honoured on the 9th of July by a visit from the 
Emperor and Empress of Brazil. Their Majesties wore received, on behalf 
of the Committee, by Sir E. Sabine and Mr. W. Dc La Buc. 

Ill the unavoidable absence, through illness, of Dr. Balfour Stewart, the 
Emperor was conducted over the Observatory by the above-named gentlemen, 
and the various instruments &c. were explained by Mr. Whiiiple and the 
other members of the staff of the Observatory. 
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APPENDIX I. 


Tabular statement showing state of Magnetic llcductions at the present date. 
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BOOKS AT PRESENT IN THE KEW OBSERVATORY, 


THE PEOPERTT OP 

THE BRITISH ASSOCIATION. 


LIST A. 


Boohs to he retained at Kew for reference. 


British Association Reports, 1 vol. for the following years : — 
1831-32, 1833, 1834, 1835, 1836, 1837, 1838, 1839, 
1840, 1841, 1842, 1843, 1844, 1845, 1846, 1847, 

1848. 1849, 1850, 1851, 1852, 1853, 1854, 1855, 

1856, 1857, 1858, 1859, 1860, 1861, 1862, 1863, 

1864, 1865, 1866, 1867, 1868, 1869. 

Philosophical Transactions 

„ ,, (Abstracts) 

Proceedings of the Royal Society 

Royal Society Catalogue of Scientific Papers 

Philosophical Magazine (half-yearly) 

„ „ (unbound) 

Logarithmic Tables (various) 

Royal Astronomical Society’s Proceedings 

Buchan’s Meteorology 

Dalton’s „ 

Kaemtz’s „ 

Meteorological Papers 

Meteorology of England 

Papers relating to the Meteorological Department of the 

Board of Trade 

Instructions for taking Meteorological Observations (Col. 

James) 

Quarterly Wcatner Reports 

British Almanac 

Deviations of the Compass (Evan#) 


88 vols. 


6 

12 

4 

21 


yy 

yy 

yy 


11 parts, 
6 vols. 
13 
2 
1 

1 „ 
27 nos. 
18 nos. 


yy 


yy 


yy 


39 


yy 


1 vol. 
3 vols. 
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Miller’s Elements of Chemistry 

Williamson’s Chemistry for Students 

Elements of Chemistry (Sir R. Kane) 

Mathematics (Royal Military Academy Course) 

Euler’s Letters on Mathematics and Physics 

Barlow on Magnetic Attraction 

Treatise on Electricity (De La Rive) 

Woodhouse’s Astronomy 

The Heavens (Guillemin, edited by Norman Lockyer) . . 

Art of Photography (Lake Price) 

Meteorological Tables, Smithsonian (Guyot) 

Treatise on Mathematical Instruments (Heather) 

Sabine’s Pendulum and other Experiments 

Chauvenet’s Astronomy 

Timbs’s Year-Book of Facts, 1861—1871 

Taylor’s Scientific Memoirs 

Manual of Surveying for India, by Capts. Smythe and 

Thuillier 

Nichol’s Cyclopaedia of Physical Science 

Admiralty Manual of Scientific Enquiry 

Dictionary of Terms of Art (Wcale) 

Magnetic and Meteorological Observations at : — 

St. Helena 

Toronto 

Hobarton 

Capo of Good Hope 

Observations during Magnetic Disturbances, 1840-1841 . 
Magnetic and Meteorological Observations, Dnusual Dis- 
turbances 

Plates to Magnetic and Meteorological Observations .... 
Report of the Astronomer Royal to the Board of Visitors . . 

Theory of Errors of Observations, by Airy 

Todhunter’s Conic Sections 

Distribution of Heat (Dove) 

Optics (Potter) 

Camus on the Teeth of Wheels 

Simmon ds’s Meteorological Tables 

Observations of Sun-spots (Carrington) 

Newton’s Principia 

Symons’s British Rainfall and Meteorological Magazine . . 
Experiences sur les Machines ^ Vapeur (Regnault) .... 
Cours Elementaire de Chimie (Regnault) 


2 vols. 
1 vol. 


1 „ 

2 vols. 

4 „ 

1 vol. 

3 vols. 

1 vol. 
1 
1 
1 

1 „ 

2 vols. 




yy 


yf 


2 

11 

2 


yy 

yy 

yy 


1 vol. 


1 

1 

1 


yy 

yy 

yy 


3 vols. 
5 „ 

5 „ 

1 vol, 
1 „ 


1 „ 
1 „ 
40 nos. 
1 vol. 
1 
1 
1 
1 
1 
1 
1 


yy 

yy 

yy 

yy 

yy 

yy 

yy 


2 

4 


yy 

yy 
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LIST B. 


Hoolcs to he sent to the London 22 AXbemarde Street, 


British Association Report, 

1831-32 

20 vols. 


yy 

1833 

20 

yy 


y y 

1834 

20 

*y 


j y 

1835 

20 

yy 

^ ) 

^ j 

•••• •••• ••••«• •• 

20 

yy 

j j 

yy 

1837 

20 

yy 

y 5 

y y 

1838 

20 

yy 

y 5 

y y 

1839 

20 

yy 

yy 

yy 

1840 

20 

yy 

5 y 

yy 

1841 

20 

yy 

yy 

yy 

1842 

20 

yy 

y y 

yy 

1843 

20 

yy 

y y 

yy 

1844 

20 

yy 

y y 

y y 

1845 

20 

yy 

yy 

yy 

1846 

20 

yy 

yy 

yy 

1847 

19 

yy 

yy 

yy 

1848 . 

19 

yy 

yy 

yy 

1849 

19 

yy 

yy 

yy 

1850 

18 

yy 

y y 

yy 

1851 

19 

yy 

y y 

yy 

1852 

20 

yy 

yy 

yy 

1853 

21 

yy 

yy 

4 

yy 

1854 

21 

yy 

y y 

y y 

1855 

22 

yy 

yy 

y y 

1856 

23 

yy 

yy 

yy 

3857 

22 

yy 

y y 

y y 

• • ■ • •••••••• 

22 

yy 

y y 

yy 

A. ••• •••• • 

22 

yy 

yy 

yy 

C3 0 •• ••••• • ••••••• 

22 

yy 

yy 

yy 

1861 

22 

yy 

yy 

yy 

1862 

22 

yy 

yy 

y y 

1863 

22 

yy 

yy 

*y 

1864 

23 

yy 

yy 

yy 

1865 ... 

22 

yy 

yy 

yy 

186G . 

22 

yy 

yy 

yy 

1867 

22 

yy 

yy 

yy 

• • •••••• • •••• 

22 

yy 


yy 

1869 . ; 

22 

yy 

Lalandc’s 

Catalogue (MS. Calculations) 

96 

yy 

yy 

„ (MS. copy) 

3 

yy 

La Place’s Celestial Mechanics 

1 vol. 

Armagh, 

Places of Stars . 

“ - “--TTtTTtr r ti «r 

1 

yy 

Radcliffe Observatory Catalogue of Stars for 1845 

1 

yy 

Paramatta Catalogue of 73.58 Stars 

1 

yy 


Groombridge^s Catalogue of Circumpolar Stars 3 vols. 

Edinburgh Astronomical Observations 4 „ 

Astronomical Observations at the Cape of Good Hope .... 1 „ 
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(MSS.) Apparent Places of Principal Stars 1 vol. 

British Association Catalogue (MS. copy) 1 „ 

(MSS.) British Association Catalogue (Calculations) . . 24 vols. 
(MSS.) British Association Catalogues, Synonyms and Notes 23 ,, 

(MSS.) Lacaillc’s Catalogue (Calculations) 24 ,, 

Lacaille’s Catalogue (MS. copy) 1 ,, 

Proceedings of the Boyal Institution of Great Biitain ... 33 nos. 
Ordnance Survey, Comparisons of Standards of Length . . 2 vols. 

Hadcliffe Observatory, Meteorological Observations .... 3 ,, 

Makers toun. Meteorological Observations and Tables .... 10 „ 

,, Abstracts of Meteorological Observations . . 3 ,, 

Cambridge Observations 8 ,, 

Playfair’s Natural Philosophy 2 „ 

Bland’s Algebraical Problems 1 ,, 

Lectures on Quaternions (Sir W. Hamilton) 1 „ 

Meteorological and Nautical Observations at Melbourne 

and Victoria ... 1 „ 

Mastery of Languages (Prendergast) 1 „ 

La Place’s Analytical Mechanics 1 ,, 

Levelling in England and Wales 1 ,, 

„ „ (Abstract) 1 ,, 

Levelling in Scotland 1 „ 

,, ,, (Abstract) 1 ,, 

Pasley on Measures, Weights, and Money , 1 ,, 

Cork Savings-bank Tables 1 „ 

Weld’s History of the Boyal Society . . . 2 ,, 

Bombay Magnetical and Meteorological Observations, 

1845 3 „ 

Meteorological Besults, Toronto 8 „ 

Greenwich Observations . . 52 ,, 

„ ,, (Appendices Ac.) 125 „ 

Catalogue of Beferenco, Manchester Eree Library 1 ,, 

Brisbane’s Star Catalogue ... . 2 ,, 

Johnson and Henderson’s Star Catalogue 2 „ 

(MSS.) Hartnup Star Catalogue 1 ,, 

Mayer’s Star Catalogue 1 ,, 

Wrottesley’s Star Catalogue 1 ,, 

Taylor’s „ „ 8 „ 

Everest’s Survey of India . . 2 „ 

Ordnance Survey t. . . 6 ,, 

Extension of Triangulation into Belgium and Franco .... 2 „ 

Verification and Extension of Lacaille’s Arc of Meridian . . 2 ,, 

Schlagintweit’s India and High Asia 2 „ 

Proceedings of Institution of Mechanical Engineers .... 8 ,, 

,, ,, ,, ,, . . . . / 0 nos» 

Modern Geology Exposed 1 vol. 

Melbourne Magnetic and Meteorological Observations ... 3 vols. 

Extracts from the Great Trigonometrical Survey of India 5 „ 

Madras Meteorological Observations 2 „ 

Sydney „ „ 38 nos. 

Calcutta Hourly Meteorological Observations 7 ,, 

Bengal Meteorological Beports 5 ,, 
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8tatistdos of New Zealand 

Tide Tables for English and Irish Ports 

Exports and Transactions of the Devonshire Association . < 

Annual Reports of the Royal Polytechnic Society 

Transactions of the Historic Society of Lancashire and 

Cheshire 

Transactions of the Royal Scottish Society of Arts 

Results of Trials on H.M. Ships 

Trigonometrical Survey of England and Wales 

Determination of Longitudes of England and Wales .... 

La Place’s Mathematical Works 

Lagrange’s „ ,, 

Euler’s Mathematical Works * 

Simpson’s „ „ 

Dupin’s ,, „ 

Carnot’s „ ,, 

Shipbuilding, by Rankin e . . 

Dublin Magnetical and Meteorological Observations . . ♦ . 

Maxima and Minima (Ramchundra) 

Meteorological Results Toronto, 1862 

Army Meteorological Register 

Mathematical Tracts from Library of the late Mr. Christie 
Magnetical and Meteorological Observations at Lake 
Athabasca. 

Sundries (English Pamphlets). 

U. S. Coasts Survey, Report of Superintendent 

Annals of the Dudley Observatory 

Transactions of the Albany Institute 

Proceedings of the American Geological and Statistical 

Society 

Reports of the National Academy of Sciences 

Documents of the U. S. Sanitary Commission 

State Transactions of the Historic Society of Wisconsin . . 

Report of Geological Reconnaisance of Arkansas 

Proceedings of the Boston Society of Natural History. . . . 
,, of the American Association for the Advance- 
ment of Science 

Monthly Report of the Commissioners of the Revenue of 

U. S. A 

Proceedings of the American Academy of Arts and 

Sciences 

Proceedings of the American Philosophical Society 

Papers relating to Harvard College 

Proceedings of the Academy of Natural Sciences, Phila- 
delphia 

Smithsonian Miscellaneous Collections 

,, Contributions to Knowledge 

Memoirs of the American Academy 

Washington Astronomical and Meteorological Observa- 
tions 

Maury’s Sailing Directions 

Transactions of the American Philosophical Society , . . . 


9 noS4 
7 „ 

3 vols. 


17 


17 


10 


5 


3 


2 


6 

99 

6 

$9 

4 

S9 

2 

ff 

1 vol 

1 

99 

1 

99 

1 

99 

1 

99 

1 

99 

1 

99 


25 vols. 


4 

99 

5 

99 

10 

99 

5 

99 

5 

99 

6 

99 

2 

99 

45 

99 

12 

99 

5 

99 

20 

9f 

50 

99 

60 

99 

71 

99 

20 

99 

26 

99 

9 

99 

9 

99 

3 

99 

6 

99 
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Sundry Volumes (various subjects) 

Smithsonian Reports 

Explorations and Surveys, Senate, U. S. A. 

Reports of the Department of Agriculture, U, S. A 

Geology of Iowa 

Catalogue, Army Medical Museum, U. 8. A 

Sundries. (American Pamphlets.) 

Bulletin de la Socidtd do Gdographie 

i9 ti if 

Memoires de TAcaddmie do Dijon 

Bulletin do la Eederation de la Societe de Horticulture de 

Belgique 

Actes de la Socidte Helvdtiquo 

Memoires do TAcademie Royalo do Metz 

Resume Metdorologique pour Geneve and Lo Grand St. 

Bernard 

Extraits de 1’ Academic Royalo do Bruxelles 

Bulletin do la Societe Vaudoise 

Memoires de la Societe des Sciences 

Revues des Cours Sciontifiques 

PanhoUenium 

Quetelet sur le Climat de la Belgicjuo 

Extraits de PAcademie de Belgique 

Commission Hydromdtrique de Lyon 

Bulletin do I’Association Scientifique de France 

Mdmoires do PAcademie des Sciences et Lettres de Mont- 
pellier 

Atlas Mcteorologiqiio do I’Obscrvatoiro Imperial, 1866- 

1869 

La Belgique Horticole 

Compte Rendu Annuel 

Annales de rObservatoiro Pli 5 ’siquo Central (Russia) .... 

Annuaire Magndtiquo et Mcteorologique (Russia) 

Annuaire Mcteorologique do Franco 

Cosmos 

Les Mondes, 1863-70 

Tables do la Lune, par Hanseen 

Traite de Calcul Diferontial, par Lubbe 

Histoire Celeste, par Lalando 

Sundries. (French Pamphlets.) 

Oversigt over det K. D. Y. Selskabs af Forchhammer .... 

Vidonskabernes Selskabs Skriftcr 

Sundries. (Dutch Pamphlets.) 

Archives Neerlandaises. 

Meteorologischo Waarncrningcii 

Helsingfors Magnetical and Meteorological Observations . . 

Acta Societatis Scientiarum Fennicee 

„ ,, Indo-Neerlandsch 

Norsk Meteorologisk Aarbog 

Meteorologischo Jagttagelser paa Christiania Observa- 
torium 


lix 


16 

vols. 

22 

yy 

4 

yy 

8 

yy 

2 

yy 

1 

yy 

42 

yy 

34 

nos* 

13 

vols. 

9 

yy 

7 

yy 

3 

yy 

6 

yy 

10 

nos. 

4 

yy 

7 

yy 

19 

yy 

20 

yy 

7 

yy 

54 

yy 

10 

yy 

140 

yy 

5 

yy 

4 

yy 

6 

yy 

15 

vols. 

35 

yy 

4 

yy 

7 

yy 

4 

yy 

8 

yy 

1 

vol. 

1 

yy 

1 

no. 

33 

yy 

6 

vols. 


30 

yy 

6 

yy 

8 

yy 

7 

yy 

4 

yy 

6 

yy 
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Meteorologischo Ecobachtungen Aufgezeicbnct auf Chris- 
tiania Observatorinm 3 vols. 

Beretning om en Botanisk Beise af H. L. Lorenson 6 „ 

Index Scholarum in Universitate Christiania 18 ,, 

Sundries. (Norwegian Pamphlets.) 

Sitzungsberichte der Mathematisch Naturwissenschaftlicho 

Classc der Akademic der Wisscnschaften 280 ,, 

Sitzungsberichte der K. B. Akademie der Wissenschaften 78 ,, 

Mittheilungeii der Naturforschenden Gesellschaft in Bern 11 ,, 

Monatsberichte der K. P. Akademie der Wissenschaften zu 

Berlin 80 „ 

Annalen fur Meteorologie und Erdmagnetismus 6 ,, 

Beobachtungen Meteorologischo an der Wiener Stem- 

warte 22 „ 

Verhandlungon der Allgcmeinen Schweizerischen Gesell- 
schaft der Naturwisscnschaften IG ,, 

Zcitschrift der Osterreichischen Gesellschaft fur Mete- 
orologie 130 „ 

Beise der Osterreichischen Erigatte Novara, Magnotischc 

Beobachtungen 3 ,, 

Magnetischc Beobachtungen in Wien 4 ,, 

Tageblatt dcr 32 Yersammlung der N. W. A. in Wien, 

1856 9 „ 

Jahrbucher der K.-K. Central Anstalt fur Meteorologie und 
Erdmagnetismus in Wien. 1856— 1859, 1 of each, 

1866-1869, 2 of each 10 nos. 

Det Kongcligo Norskc Universitcts Aarbcrctungcr, 1856 

to 1858 8 vols. 


Travaiix de la Commission pour fixer les mesures ct les 

poids do PEmpire do Biissic . .... 

Abhandlungen dcr Maili-Physikal Classe dcr K. B. Aka- 
demie dcr Wissenschaften 

Bulletin dcr Akademie der Wissenschaften dcr Munchen. 
Sundries. (German Pamj>hlets.) 

Annaes do Observatorio do Infante D. Luiz 

Trabalhos „ „ 

Memoires do Academic Beale do Sciences de Lisboa . . . 

Annaes da Academia das Sciencias Lisboa 

Coimbra, Observacoes Metcorologicas 

Sundries. (Portuguese Pamphlets.) 

Bussian Nautical Magazine 

Harmonia Mensuram, 

.^des Hartwellianac 

Speculum Hartwellianura 

Diverse Machine (Btimclli) 

Memorie delF I. B. Istituto Lombardo 

Memorie della Societil Italiana dellc Scienzo 

IMemorie dell’ Osservatorio del Collegio Bomano 

Memorie del Beale Istituto Lombardo 

Atti dell’ Accademia Pontificia de’ Niiovi Liiicei 

Atti del Beale Istituto Lombardo 


3 




4 

47 


99 

99 


46 

5 

8 

12 

21 


99 

99 

99 

99 

99 


63 


51 


1 vol. 


1 „ 

1 

6 vols. 


5 

10 

41 

90 

29 


99 

99 

99 

99 

99 
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Afti della Beale Accademia delle Scienzo di Napoli 7 vols. 

Biilletiiio Meteorologico dclP Osservatorio del Collcgio 

Bomano 9 „ 

Giornale dell’ I. B. Istitiito Tyombardo 44 „ 

Bendiconti del Beale Ibtituto Lombardo 112 „ 

Sundries, (Italian Pamphlets.) 


APPENDIX III. 


Inventory of Apparatus and Instruments at present in the Kew 
Observatory, with the names of Owners or Funds by whieh 
they were purehased. May 1871. 


[Abbreviations adopted in col 2 — Brit Assoc, for British Association ; Don Fund for 
])onation Fund , Gov Grant for Government Grant Fund , Met Com. for Meteoro- 
logical Committee , Bar Ex. Fund for Bans Exhibition Fund , Roy. Ast. Soc. for 
Royal Astronomical Society , Royal Soc. for Royal Society ] 


Entrance Hall. 

Bird’s Mercurial Thermometer 

Captain Baler’s Hygrometer, by Robinson 

Dr. Lind’s Portable Wind Gauge 

Huygens’s Aerial Telescope (twelve parts) 

Huygens’s Object-glass 

Huygens’s Object-glass, with two Eye-glasses by 1 

Scarlet J 

Flamsteed's Object-glass (Venetian) 

Dollond’s 42-mch Transit, with a cast-iron stand . . 
Short’s 36-inch Reflecting Telescoiw, with an Object- 1 

glass Micrometer by Dollond (nine parts) J 

Kater’s Convertible Pendulum, with the Agate Planes 
Captain Sabine’s Cylindrical Pendulum, vibrating on ' 

Planes ; with the Knife-edges 

Apparatus, with Leaden Balls, by Pauli of Geneva [ 

(ten parts) J 

Nairne and Blunt's 12-inch Dipping Needle (two 1 

parts) J 

A 12-inch Variation Needle 

Dr. Godwin Knight’s Battery of Magnets 

Air-Pump, with Double Barrel 

Nairne’s Air Condenser (three parts) 

Bamsden’s Great Theodolite, with other Instruments ' 
and Apparatus employed by Major-General Boy in 
the Trigonometrical Survey (sixty-six parts, in four j 
cases), incomplete 


Broperty of, or 
Burchasod by, 

Koval Soc. 

•/ 

yy 

n 

y} 

yy 

yy 

yy 

yy 

yy 

yy 

n 

yy 

yy 

yy 

yy 

yy 


yy 
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Caryls Large Levelling Instrument (twenty-one parte) 
Troughton and Simms’s Large Levelling Instrument 

(twenty parts) 

Adams’s 5-incli Theodolite (two parts) 

Bowles’s Trigonometer (four parts) 

Troughton’s Repeating Circle, of 1 foot diameter . , 
Ramsden’s 10-inch Protractor, with Vernier to 1' . . 
Bird’s 12-inch Astronomical Quadrant (fifteen parts) 

Pordyce’s Hydrometer 

Cole’s Orrery, explanatory of Eclipses 

Two Miner’s Compasses 

Armed Loadstone 

Le Corf’s Brass Instrument 

Curious Steel Callipers for very accurate measure- 
ment, by Pauli of Geneva :1777 

Rowning’s Universal Constructor of Equations . . , . 
Chronometer Stove, for ascertaining the Influence of 
Temperature on the Rate of Chronometers (six 

parts) 

Wedgowood’s Pyrometer ; or Thermometer for mea- 
suring high degrees of heat (sixty- six parts) .... 

Two strong Brass Pulleys 

Bird’s 4-feet Refracting Telescope 

Uicas’s Hydrometer 

Hadley’s Metal for a Newtonian Reflector, with 
several wooden Eyepieces, but without Tube or 

Mounting 

Troughton and Simms’s 6-ineh Circular Protractor . . 

Baily’s Pendulum, No. 2 

Standard Wrought-iron bar used in Mallet’s Exjic- 

riments, 1838-1842 

Observing Telescope used by Schlagintwcit. 
Experimental Tubes employed in the construction of ' 
Welsh’s Standard Barometers 



Six 39-inch Glass Slabs. 


Sixty Lamp Chimneys 

Eight 14-inch Magnets. 

Sundry Lamps, Plate Boxes, Daguerotypes and Ap- 
paratus employed with Ronalds’s Self-recording 

Barograph and Magnetograph 

Sundry Chemical Apparatus used with Addams’s Car- 
bonic acid Gas Generators 

Three largo Magnetometers with Marble Slabs, Pil- 
lars, Reading Telescopes, &c. 

Two Thermometer Testing-jars (damaged) ........ 

Two 6-inch Bull’s-eye Lenses. 

Sir W. Thomson’s Portable Atmospheric Electro- 
meter 

Sir W. Thomson’s Recording Atmospheric Electro- 
meter 

Various pieces of Electrical Apparatus 

Sundry Lenses. 


Brit. Assoc. 

Donat. Fund. 
Gov. Grant. 

Brit. Assoc. 

Prof. Sir W. 
Thomson. 

SirF.Ronalds. 
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Galton^s Dial Anemometer, with Battery, &c 

Artificial Horizon 

Heliostats and lleflectors used in Mr. Galton’s Sex- 
tant Testing Apparatus * 

Apparatus for Trisecting an Arc. 

Saussure’s Hygrometer * 

Seven-inch Protractor, by Jones. 

Marine Barometer. 

Two Patent Compensated Barometers, by Harris. 
One 30-inch Steel Bar. 

Two KriePs Self-recording Barometers, with Spare 

Tubes 

Tube of Bonalds’s Photo-barograph 

Glass lleceiver (damaged). 

Model of Sheerness Tide-gauge 

Mallet’s Model of the Descent of Glaciers. 

Several Models, not named. 

Appold’s Automatic Hygrometer 

Appold’s Automalic Temperature Regulator 

Lindley’s Patent Central Thermometer. 

Lindlcy’s Model of Pire Escape. 

Perspective Instrument 

Barrow’s Dip Circle, No 

Robinson’s 6-inch Circle 

Two Unifilars and a Declinometer, by Gibson 

Seven Trijiods 

Balance of Torsion. 

A Watchman’s Clock. 

Oertling’s Balance 

Two Aspirators . . . 

Wooden Wind-pressure Gauge 

Altazimuth, by Cary 

Ronalds’s Atmospheric Electrical Apparatus 

Model of Mr. De La Rue’s Tower for supporting 

Huyghen’s Aerial Telescope-lenses 

Model of a design for Photoheliograph Mounting . . 
Leyden Jars 


Met. Com. 

Sir E. Sabine. 

Geogr. Soc. 
SirE.Ronalds. 


j- Brit. Assoc. 
Gov. Grant. 

Royal Soc. 


Royal Soc, 

55 


SirE.Ronalds. 
Sir E. Sabine, 

55 

55 

55 


Gov. Grant. 

55 

55 

Sir E. Sabine. 
Gov. Grant. 

Par.Ex.Eund. 
Brit. Assoc. 
Mr. Gassiot. 


Testing lioom. 

Six frames exhibiting Kew and Lisbon Magnetic 1 Assoc 

Curves j 

Two Welsh’s Standard Barometers Gov. Grant. 

Cathetomotor ,, 

Receiver for testing Barometers, with Air-Pump, &c. ,, 

Apparatus for testing Thermometers „ 

Newman’s Standard Barometer, No. 34 „ 

Brass Mural Quadrant Observatory. 

Spare Tubes for Standard Barometer construction . . Gov. Grant. 
Thomson’s Galvanometer and Apparatus employed by 

Dr. Stewart in Rotating Disk experiments 

Siemens’s Air-Pump 

Sprengel’s Air-Pump 
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Parts of Bonalds’s Magnetographs Gov. Grant. 

Air-Thermometer (incomplete) „ 

MSS., Books, Papers, Documents, and Correspondence 
referring to Meteorological work. 


Transit Room. 

Thermometer-waxing Apparatus Brit. Assoc. 

Photographic Paper Waxing Apparatus ,, 

Thomson’s Atmospheric Bccording Electrometer . . Met. Com, 

Thermograph „ 

Chronometer, Arnold Gov. Grant. 

Invariable Pendulum Iloyal Soc. 

Pendulum, No. 8 „ 

Dip Circle, by Jordan Sir E. Sabine. 


Declinometer, by Bobinson and Barrow 

Eive Daniell’s Hygrometers 

Four Declinometers (various makers) 

Artificial Horizon 

Four Thermometers 

Three HerscheTs Actinometers 

10-inch Azimuth Compass 

Vertical Force Magnetometer 

Standard Yard 

Three Dip Circles and one Fox’s Circle 

Several old Observing Telescopes and incomplete 

Magnetic Apparatus 

Photographic Paper, waxed and unwaxed Brit. Assoc. 

Sundry Bottles, Chemicals, and Apparatus employed 

in the ordinary work of the Observatory .... „ 



ComputinKj Room. 

Dividing Engine by Perreaux, and Apparatus cm- ' 

ployed in the constiuction of Standaid Thermo- V Gov. Grant, 
meters 


Standard Thermometers, divided and undivided .... 

Evaporation Gauge (exhibited at Paris) 

Portable Barometer, by Newman 

Gay-Lussac Barometer, by Buntcr. 

Troiighton and Simms’s Mercurial Standard Ther- 
mometer 

Newman’s Spirit Thermometer for very low Tempe- 
ratures 

Jones’s Hygrometer 

Set of Bar Magnets (six) 

Pair of Levelling Staves, by Jones 

Sundry old Thermometers. 

Thermometer, by Greiner 

Dry and Wet Thermometer, from Hobarton. 
Thermometer, No. 2, from Greenwich Obsei’s atory. 

Actinometer Tube 


Blit. Assoc. 
Par Ex. Fund, 
Sir E. Sabine. 

I Boyal Soc. 

} ■ 

99 

99 

99 

Sir E. Sabine. 


{ 


Bev. C. Hodg- 
kinson. 
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Actinomoter Tube Royal Soc. 

Two Actinometers ( 

Three Actinometers Royal Soc. 

Ten Hydrometers. 

Spirit-level used in Pendulum experiments Gov. Grant. 

Small Boiling-point Apparatus Par.Ex.Fund. 

Two Mountain Thermometers. 

One Regnault’s Hygrometer Gov. Grant. 

One Daniell’s Hygrometer. 

Several Declinometers, by various makers Sir E. Sabine. 

Several XJnifilars, by various makers „ 

Several Dip Circles, by various makers „ 

Two Altazimuth Instruments Admiralty. 

Repeating Circle, by DoUond Sir E. Sabine. 

Vertical Force Magnetometer ,, 

Sundry Magnets, Dip Needles, Magnet Fittings, In- 'j 

ertia Bars, Rings, &c., belonging to various instru- > „ 

ments J 

Magnets and Needles in use at the Observatory. ... ,, 

Standard Yard Gov. Grant. 

Standard W eights ,, 

Jars and Standard Solutions used in Hydrometer- 

testing’ Brit. Assoc. 

Chemicals and Chemical Apparatus used in the Ob- 1 

sorvatory j ** 

Apparatus employed by Prof. Clerk Maxwell. 

Telescope support, by Goloz Royal Soc. 

Several Tripods ,, 

Surveying Rods „ 

6-inch Globe ,, 

Model of Hydraulic Anemometer Mr. Galton. 

Several Rules and Scales in use Brit. Assoc. 

Box of Ozonometer Papers. 

Magnetograph Curves Brit. Assoc. 

Magnetic Observation-books ,, 

MS. Papers of Magnetic Reductions ,, 

MS. Papers on various subjects ,, 

Surplus copies of Publications issued by Observatory | ^Assoif 

Wood Engravings of Magnetograph Drawings .... Brit. Assoc. 

South IlalL 

Cooke’s Sextant Testing Apparatus Gov. Grant. 

Shelton’s Astronomical Regulator, with Gridiron Pen- 1 i g 

Gas Governors and Regulators Don. Fund. 

Magnetograph Room. 

Magnetographs . . Gov. Grant. 

Earthenware Stove Brit. Assoc. 
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Deflecting Apparatus 

Barograph 

Bigid Spectroscope 

Pendulum Room. 

Vacuum Chamber and Vibrating Apparatus 

Observing Telescope ^ . 

Shelton’s Astronomical Begulator 

Transit House. 

Portable Transit Instrument 

Apparatus for determining Scale value of Levels . . 

Lower Photographic Room. 

Baths, Dishes, Bottles, and Chemical Apparatus .... 

Chemicals and Paper 

Printing Frames 

Meteorological Room. 

Globe 

Barograph, Thermograph, and Anemograph Curves . . 

Ditto (duplicates) 

Tabulations of ditto (duplicates). 

Scales, Buies, &c., employed in tabulating Curves . . 
Post Cases, MSS. and Documents in connexion with 

the Meteorological Committee’s work 

Working Drawings of Instruments. 

Observatory Correspondence. 

Furniture and Fittings 

Sun Room. 

Sun Pictures (Negatives) 

Sun Pictures (Prints) 

Thirty-seven Vols. Schwabe’s Observations (MSS.). , 
Sundry Papers connected with Solar Bcsearch. 
Sundry Volumes of Kew Electrical and Meteoro-' 
logical Observations (MSS.). 

Surplus Lithographed and Engraved copies of Kew 

Magnetic Curves 

Photo-galvanographed Plates of Curves, by Paul 

Pretsch 

Spare Magnets for Magnetographs . , 

One Magnetic Tabulator 

Two Magnetic Tabulators ........ 

Lofts. 

Old Observing Clock. 

Parts of old Electrical and Meteorological Apparatus 
Parts of old Boyal Society Apparatus 

Solar Photographic Room. 

Anemograph with Blank sheets 

Baths, Dishes, Printing-frames, Bottles, Paper, Che- 



Brit. Assoc. 
Met. Com. 
Mr. Gassiot. 

Admiralty. 
Boyal Soc. 

Sir E. Sabine 
Mr. Adie. 

Gov. Grant. 
Brit. Assoc. 

Brit. Assoc. 
Met. Com, 
Brit. Assoc. 

Met. Com. 

99 


Met. Com. 
Gov. Grant. 

99 

Boy. Ast. Soc 


Gov. Grant. 

99 

Mr. Adie. 
Brit. Assoc, 
Brit. Assoc., 
Mr. Gassiot, 


Brit. Assoo. 
Boyal Soc. 

Met. Com. 
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micals, Glass, &c., used in connexion with the Pho- 


toheliograph Gov. Grant. 

Dome, 

Photoheliograph Don. Fund. 

Robinson^s Registering Anemometer (dismounted) Brit. Assoc. 

Hoof. 

Old Pressure Anemometer (incomplete) Brit. Assoc. 

Old Rain-gauge (incomplete) „ 


Magnetic Ohservatory. 

Declinometer 1 

Dip Circles J 

Sundry Apparatus employed in Magnetic Determina- 
tions 

Stone Pillars 


Sir E. Sabine. 

} ■ 


W’orhaTio'p (Ab, 1). 

Whitworth Lathe'll 

Planing Machine / * * * 

Holtzapjffel Lathe 

Forgo 

Forge . 

Surfaces and Straight Edges 

Grindstone 

Vices 

Castings and Tools 


Don. Fund. 

SirF.Ronalds. 
Don. Fund. 
Brit. Assoc. 
Gov. Grant. 
Brit. Assoc. 


Worhshop (^No, 2). 


Electro-magnet and Battery Sir E. Sabine. 

Carbonic- acid Gas Generators Gov. Grant. 

Ronalds’s Barograph (incomplete) „ 

Gas-holder Mr. Atkinson. 

Glass-blowing Table Gov. Grant. 

Still 

Sundry Packing-cases. 

Enclosure. 

Self-recording Rain-gauge Met. Com. 

Rain-gauge (ordinary) Brit. Assoc. 

Two Dial Anemometers Met. Com. 


Mowing Machine and sundry other Garden Tools . . Brit, Assoc. 

Verification House. 

Stone Pillars for erecting Self-recording Magneto- 
graphs 

Self-recording Barograph, Thermograph, and Ane- 
mograph (undergoing examination) 

In the Custody of B. Loewyy Esq., 11 Leverton Street, N.VH. 

Mr. De La Rue’s Micrometer for measuring Astronomical Photo- 
graphs (in use for measuring the photographs obtained with 
the heliograph). 


- Don. Fund. 
‘ Met. Com. 
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Kbcommendations adopted by the General Committee at the Edinburgh 

Meeting in August 1871. 

[When Committees are appointed, the Member first named is regarded as the Secretary, 

except there is a specific nomination.] 

That in future the division of the Section of Biology into the three Depart- 
ments of Anatomy and Physiology, Anthropology, and Zoology and Botany 
shall be recognized in the programme of the Association Meetings, and that 
the President, two Yice-Presidents, and at least three Secretaries shall be 
nominated, and that the Vice-Presidents and Secretaries who shall take 
charge of the organization of the several Departments shall be designated 
respectively before the publication of such programme. 

Dr. K. King’s motion, “ that a Subsection for Ethnology be formed,’’ was 
rejected. 

That the Apparatus, Instruments, &c. mentioned in Appendix III. of the 
Beport of the Kew Committee for the past year be transferred to the charge 
of the Boyal Society. 

That the Electrical Apparatus belonging to the British Association, now in 
possession of the Committee of Electrical Standards, be placed in the Physical 
Laboratory of Cambridge, in charge of the Professor of Experimental Physics, 
the apparatus remaining the property of the Association and at the disposal 
of the Committee. 

[Eor Begulations relating to Organizing Sectional Proceedings, vide p. xix.] 

Recommendations Involving Grants of Money. 

That the sum of .£300 be placed at the disposal of the Council for main- 
taining the establishment of the Kew Observatory. 

That Professor Cayley, Professor H. J. S. Smith, Professor Stokes, Sir W. 
Thomson, and Mr. J. W. L. Glaishcr be a Committee for the purpose of re- 
porting on Mathematical Tables, which it may be desirable to compute or 
reprint ; that Mr. J. W. L. Glaishcr be the Secretary, and that the sum of 
.£50 be placed at their disposal for the purpose. 

That Mr. Edward Crossley, Bev. T. W. Webb, and Bev. B. Harley be a 
Committee for discussing Observations of Lunar Objects suspected of change; 
that Mr. Crossley be the Secretary, and that the sum of £20 be placed at 
their dis]iosal for the inirpose. 

That Professor Tait, Professor Tyndall, and Dr. Balfour Stewart bo a 
Committee for the purpose of investigating the Thcnnal Conductivity of 
Metals ; that Professor Tait be the Secretary, and that the sum of £25 be 
placed at their disposal for the purpose. 

That the Committee on Tides, consisting of Sir W. Thomson, Professor J. C. 
Adams, Professor J. W. M. Bankine, Mr. J. Oldham, Bear- Admiral Bichards, 
and Mr.W. Parke8,be reappointed; thatColonelWalker,E.B.S., Superintendent 
of the Trigonometrical Survey of India, bo added to the Committee ; and that 
the sum of £200 be placed at their disposal to defray the expenses of calcula- 
tion during the ensuing year. 

That the Committee for reporting on the Bainfall of the British Isles be 
reappointed, and that this Committee consist of Mr. Charles Brooke, Mr. 
Glaisher. Professor Phillips, Mr. G. J. Symons, Mr. I. E. Bateman, Mr. B. 
W. Mylne, Mr. T. Hawksley, Professor J. C. Adams, Mr. C. Tomlinson, 
1871. / 
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Professor Sylvester, Dr. Pole, Mr. Rogers Field, Professor Ansted, and Mr, 
Buchan ; that Mr. G. J. Symons be the Secretary, and that tho sum of .£100 
be placed at their disposal for the purpose. 

That a Committee on Underground Temperature, consisting of Sir William 
Thomson, Professor Everett, Sir Charles Lyoll, llart.. Professor J. Clerk 
Maxwell, Professor Phillips, Mr. G. J. Symons, Professor Ramsay, Professor 
Geikie, Mr. Glaisher, Rev. Dr. Graham, Mr. George Maw, Mr. Pengelly, 
Mr. S. J. Mackie, Professor Edward Hull, and Professor Ansted, be appointed ; 
that Professor J. D. Everett be the Secretary, and that the sum of .£100 be 
placed at their disposal for the purpose. 

That the Committee on Luminous Meteors, consisting of Mr. Glaisher, 
Mr. R. P. Greg, Mr. Alexander Herschel, and Mr. C. Brooke, bo reappointed, 
and that the sum of £20 be placed at their disposal for tho purpose. 

That Dr. Huggins, Mr. J. N. Lockycr, Dr. Reynolds, Professor Swan, and 
Mr. Stoney be a Committee for the purpose of constructing and printing tables 
of Inverse Wave Lengths, Mr. Stoney to be reporter; and that the sara of 
£20 be placed at their disposal for the purpose. 

That Professor A. W. WiUiamson, Professor Roscoe, and Professor Frank- 
land be a Committee for tho purpose of superintending the Monthly Reports 
of the progress of Chemistry ; and that tho sum of £100 bo placed at their 
disposal for the purpose. 

Professor A. W. Williamson, Sir W. Thomson, Professor Clerk Maxwell, 
Professor G. C. Foster, Mr. Abel, Professor Flceming Jenkin, Mr. Siemens, 
and Mr. R. Sabine, with power to add to their number, be a Committee for 
the purpose of testing the Hew Pyrometer of Mr. Siemens, by whom tho 
chief instrument will be supplied ; and that the sum of £30 be placed at 
their disposal for the purpose. 

That Dr. Gladstone, Dr. C. R. A. Wright, and Mr. Chandler Roberts bo a 
Committee for the purpose of investigating tho chemical constitution and 
optical properties of essential oils, such as are used for perfumes ; that Mr. 
Chandler Roberts be tho Secretary, and that tho sum of £40 be placed at 
their disposal for the purpose. 

That the Committee, consisting of Professor Crum Brown, Professor Tait, 
and Mr. Dewar, be reappointed for the purpose of continuing experiments on 
the Thermal Equivalents of the Oxides of Chlorine ; and that tho sum of £15 
be placed at their disposal for the purpose. 

That Dr. Duncan, Mr. Henry Woodward, and Mr. Robert Etheridge bo a 
Committee for tho purpose of continuing researches in Fossil Crustacea ; that 
Mr. Woodward be the Secretary, and that tho sum of £25 be placed at their 
disposal for the purpose. 

That Sir C. LyeU, Bart., Professor Phillips, Sir J. Lubbock, Bart., Mr. J. 
Evans, Mr. E. Vivian, Mr. W. Pengelly, Mr. G. Busk, Mr. W. B. Dawkins, 
and Mr. W. A. Sandford be a Committee for the purpose of continuing the 
Exploration of Kent’s Cavern, Torquay ; that Mr. Pengelly be tho Secretary, 
and that tho sum of £100 be placed at their disposal for the purpose. 

That Professor Harkness and Mr. James Thomson bo a Committee for the 
purpose of continuing the investigation of Carboniferous Corals with the view 
of reproducing them for publication j that Mr. Thomson be tho Secretary, and 
that the sum of £25 be placed at their disposal for tho purpose. 

That Mr. G. Busk and Mr. Boyd Dawkins be a Committee for the purpose 
of assisting Dr. Leith Adams in the preparation of Plates illustrating an 
account of the Fossil Elephants of Malta ; that Mr. Busk bo tho Secretary, 
and that tho sum of £25 be placed at their disposal fer the purpose. 
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That Professor Harkness, Mr. William Jolly, and Dr. J. Bryco be a 
Committee for the purpose of collecting Fossils from localities of difficult 
access in North-western Scotland, that the specimens be deposited in the 
Edinburgh Industrial Museum, and that duplicates be deposited in such 
Museum as the Association may designate ; that Mr. William Jolly be the 
Secretary, and that the sum of <£10 be placed at their disposal for the 
purpose. 

That Professor Eamsay, Professor Geikie, Professor J. Young, Professor 
Nicol, Dr. Bryce, Dr. Arthur Mitchell, Professor Hull, Sir R. Griffith, Bart., 
Dr. King, Professor Harkness, Mr. Prestwich, Mr. Hughes, and Mr. Pengelly 
be a Committee for the purpose of ascertaining the existence in different 
parts of the United Kingdom of any Erratic Blocks or Boulders, indicating on 
Maps their position and height above the sea, as also of ascertaining the 
nature of the rocks composing these blocks, their size, shape, and other par- 
ticulars of interest, and of endeavouring to prevent the destruction of such 
blocks as in the opinion of the Committee are worthy of being preserved ; 
that Mr. Milne Holme be the Secretary, and that the sum of <£10 be jdaced 
at their disposal for the purpose. 

That Mr. Stainton, Professor Newton, and Sir John Lubbock be a Com- 
mittee for the purpose of continuing a Record of Zoological Literature ; that 
Mr. Stainton be the Secretary, and that the sum of ^100 bo placed at theii 
disposal for the purpose. 

That Professor Balfour, Dr. Cleghorn, Mr. Robert Hutchinson, Mr. Alexander 
Buchan, and Mr. John Sadler bo a Committee for the purpose of taking Ob- 
servations on the effect of the Denudation of Timber on the Rainfall in North 
Britain ; that Dr. Cleghorn be the Secretary, and that the sum of £20 bo placed 
at their disposal for the purpose. 

That Dr. Sharpey, Dr. Richardson, and Professor Humphry bo a Com- 
mittee for the purpose of continuing investigations on the Physiological 
Action of Organic Chemical Compounds ; that Dr. Richardson be the Secretary, 
and that the sum of £25 be placed at their disposal for the purpose. 

That Professor Michael Foster, Mr. W. H. Flower, and Mr. Benjamin 
Lowno bo a Committee for the purpose of making Terato-embryological 
inquiries ; that Mr. Lowne be the Secretary, and that the sum of £20 be 
placed at their disposal for the purpose. 

That Professor M. Foster, Dr. Arthur Gamgee, and Mr. E. Ray Lankester 
bo a Committee for the purpose of investigating the amount of Heat gene- 
rated in the Blood in the Process of Arterialization ; that Dr. Gamgee bo the 
Secretary, and that the sum of £15 be placed at their disposal for tho 
purpose. 

That Professor Christison, Dr. Lay cock, and Dr. Fraser bo a Committee for 
tho purpose of investigating the Antagonism of Poisonous Substances ; that 
Dr. Fraser be the Secretary, and that the sum of £20 be placed at their disposal 
for tho purpose. 

That Sir R. I. Murchison, Bart., the Rev. Dr. Ginsburg, Mr. Hepworth 
Dixon, Rev. Dr. Tristram, General Chesney, Rev. Professor Rawlinson, and 
Mr. John A. Tinnd be a Committee for the purpose of undertaking a Geogra- 
phical Exploration of tho country of Moab ; and that the sum of £100 be 
placed at their disposal for the purpose, in addition to the sum of £1 00 
granted last year, but not expended because it was found to be insufficient 
for tho purpose. 

That tho Metric Committee bo reappointed, such Committee to consist of 
Sir John Bowriiig, Tho Right Hon. Sir Stafford H. Northcote, Bart., C.B., 

/2 
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[y[.P.,The Eight Hon. Sir C. B. Adderloy, M.P., Mr. Samiial Brown, Dr. Farr, 
Mr. Frank P. Fellowes, Professor Frankland, Mr. James Heywood, Profes- 
sor Leone Levi, Mr. C. W. Siemens, Professor A. W. Williamson, Dr. Gcorgo 
Grlover, Sir Joseph Whitworth, Bart., Mr. J. E. Napier, Mr. J. V. N. 
Bazalgette, and Sir W. Fairhairn, Bart. ; that Professor Leone Levi be the 
Secretary, and that the sum of .£75 be placed at their disposal for the pur- 
pose of being applied solely to scientific purposes, printing, and corre- 
spondence. 

That Professor W. J. Macquom Eankine, Mr. Froude, Mr. C. W. Merrificld, 
Mr. C.W. Siemens, Mr. BramwcU, Mr. L. E. Fletcher, and Mr. James E. Napier 
be a Committee for the purpose of making experiments on instruments for 
Measuring tho Speed of Ships and Currents by means of the difference of 
height of two columns of liquids ; that Mr. Fletcher be the Secretary, and 
that the sum of £30 be placed at their disposal for the purpose. 

That Mr. E. B. Grantham, Professor Corfield, M.B., Mr. J. Bailey Denton, 
Dr. J. H. Gilbert, Mr. J. Thornhill Harrison, Mr. William Hope, Lieut. - 
Col. Leach, Dr. A. Voelcker, and Professor A. W. Williamson be a 
Committee for the purpose of continuing the investigations on the “ Treat- 
ment and Utilization of Sewage that the balance of the funds raised by 
tho Committee appointed at Exeter, and now in the hands of the General 
Treasurer, be placed at their disposal for the purpose. 

Applications for Reports and Researches not involving Grants of Money. 

That the Committee, consisting of Dr. Joule, Sir W. Thomson, Professor Tait, 
Professor Balfour Stewart, and Professor J. C. Maxwell, be reappointed to 
effect the determination of the Mechanical Equivalent of Heat. 

That Sir W. Thomson, Professor Everett, Professor G. C. Foster, Professor 
J. C. Maxwell, Mr. G. J. Stoney, Professor Fleeming Jenkin, Professor 
Eankine, Mr. Siemens, and Mr. Bramwell be a Committee for the purpose of 
framing a nomenclature of Units of Force and Energy. 

That Professor Sylvester, Professor Cayley, Professor Hirst, Eev. Professor 
Bartholomew Price, Professor 11. J. S. Smith, Dr. Spottiswoode, Mr. E. B. 
Hayward, Dr. Salmon, Eev. E. Townsend, Professor Fuller, Professor Kel- 
land, Mr. J. M. Wilson, and Professor Clifford bo reappointed a Committee 
(with power to add to their number) for tlic purpose of considering the jios- 
sibility of improving the methods of instruction in elementary geometry ; and 
that Professor Clifford bo the Secretary. 

That Mr. W. H. L. Eussell be requested to continue his Eeport on recent 
progress in the theory of Elliptic and Hyperelliptic Functions. 

That Mr. Carruthers, Dr. Hooker, Professor Balfour, and Mr. Dyer be a 
Committee for the purpose of investigating the Fossil Flora of Britain. 

That Eev. Canon Tristram, Professor Newton, Mr. H. E. Dresser, Mr. J. E. 
Harting, and Eev. H. F. Barnes be reappointed a Committee for the purpose 
of continuing the investigation on the desirability of establishing a close 
time” for the preservation of indigenous animals ; and that the Eev. Canon 
Tristram be the Secretary. 

That Dr. Eolleston, Dr. Sclater, Dr. Dohra, Professor Huxley, Professor 
Wyville Thomson, and Mr. E. Eay Lankester be a Committee for the purpose 
of promoting the foundation of Zoological Stations; and that Dr. Anton 
Dohrn be the Secretary. 

That the Committee appointed last year “ to consider and report on the 
various plans proposed for legislating on tho subject of Steam-boiler Explosions 
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with a view to their prevention ” be requested to continue their labours ; 
such Committee to consist of Sir W. Fairbairn, Bart., Mr. John Penn, Mr. 
F. J. Bramwcll, Mr. Hugh Mason, Mr. Samuel Bigby, Mr. Thomas Schofield, 
Mr. C. F. Beyer, Mr. T. Webster, Q C., Mr. Lavington E. Fletcher, and Mr. 
Edward Easton, with power to add to their number. 

That Mr. Bateman, Mr. Le Heve Foster, Mr. Merrifield, Mr. Edward 
Easton, Mr. F. J. Bramwell, Mr. W. Hope, and Mr. H. Bauerman be a 
Committee to consider the mode in which new inventions, and claims for 
reward in respect of adopted inventions, are examined and dealt with by the 
different Departments of Government, and to report on the best means of 
removing any real causes of dissatisfaction, as well as of silencing unfounded 
complaints. 

That a Committee be appointed — 

1®, to consider and report on the best means of advancing science by 
Lectures, with authority to act, subject to the approval of the 
Council, in the course of the present year, if judged desirable. 

2®, to consider and report whether any steps can be taken to render 
scientific organization more comjilete and effectual. 

That the Committee consist of the following Members, with power to add 
to their number : — Professor Eoscoe, Professor W. G. Adams, Professor 
Andrews, Professor Balfour, Mr. Bramwcll, Professor A. Crum Brown, Mr. 
Dyer, vSir Walter Elliot, Professor Flower, Professor G. C. Foster, Professor 
Geikie, Ilov. R. Harley. Professor Huxley, Professor Fleeming Jenkin, Dr. 
Joule, Colonel Jjane Fox, Dr. Lankester, Mr. J. N. Lockyer, Dr. O’Callaghan, 
Professor Ramsay, Professor Balfour Stewart, Mr. Stainton, Professor Tait, 
;Mr. J. A. Tinne, Dr. Allen Thomson, Sir William Thomson, Professor 
Wyville Thomson, Professor Turner, Piofcssor A. W. Williamson, Dr. Young ; 
and that Professor Roscoe bo the Secretary. 

Resolutions involving Applications to Government, 

That the President and Council of the British Association bo authorized to 
cooperate with the President and Council of the Royal Society, in whatever 
way may seem to them best, for the promotion of a Circumnavigation Expe- 
dition, specially fitted out to carry the Physical and Biological Exploration of 
the Deep Sea into all the Great Oceanic areas. 

That the President and General Officers, with power to add to their 
number, be requested to take such steps as may seem to them desirable in 
order to promote observations on the forthcoming Total Solar Eclipse. 

Communications ordered to he printed in extenso in the Annual Report 

of the Association. 

That the letter of Lavoisier to Black, referred to in the Address of the 
President of the Chemical Section, be printed in the Annual Report ; and 
that the letter dated 19th November, 1790, be published in facsimile. 

That Mr. Bramwell’s paper On Experiments made with Carr’s Disinte- 
grating Flour-miU ” be printed in extenso in the Transactions of the Associa- 
tion. 

Resolutions refenTcd to the Council for consideration and action 

if it seem desirable. 

That it is desirable that the British Association apply to the Treasury for 
funds to enable the Tidal Committee to continue their cdculations. 
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That it is desirable that the British Association should urge upon the 
Government of India the importance for navigation and other practical pur- 
poses, and for science, of making accurate and continued observations on the 
Tides at several points on the coast of India. 

That the Council of the Association be requested to take such steps as to 
them may seem most expedient in support of a proposal, made by Dr. Buys 
Ballot, to establish a telegraphic meteorological station at the Azores. 

That the Council bo requested to take into consideration the desirability of 
the publication of a periodic record of advances made in the various branches 
of science represented by the British Association. 

That the Council of this Association be requested to take such steps as may 
appear to them desirable with reference to the arrangement now in contem- 
plation to estabhsh “ leaving Examinations,” and to report to the Association 
on the present position of science- teaching in the public and first-grade 
schools. 

That the Council be requested to take such steps as they deem wisest in 
order to promote the introduction of scientific instruction into the elementary 
schools throughout the country. 


Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Edinburgh Meeting in August 1871. 
The names of the Members who would be entitled to call on the 
General Treasurer for the respective Grants are prefixed, 

Kew Observatory. 

The Council. — Maintaining the Establishment of Kew Obser- 


servatory 300 0 0 

Mathematics and Physics. 

Cayley, Professor. — Mathematical Tables 50 0 0 

^Crossloy, Mr. — Discussion of Observations of Lunar Objects. . 20 0 0 

*Tait, Professor. — Thermal Conductivity of Metals 25 0 0 

♦Thomson, Professor 8ir W. — Tidal Observations 200 0 0 

^Brooke, Mr. — British Bainfall 100 0 0 

^Thomson, Sir W. — Underground Temperature 100 0 0 

^Glaisher, Mr. — Luminous Meteors 20 0 0 

Huggins, Dr. — Tables of Inverse Wave-lengths 20 0 0 


Chemistry. 

Williamson, Prof. A. W. — Deports of the Progress of Chemistry 100 0 0 

Williamson, Prof. A. W. — Testing Siemens’s new Pyrometer . 30 0 0 

Gladstone, Dr. — Chemical Constitution and Optical Properties 

of Essential Oils 40 0 0 

*Brown, Dr. Crum. — Thermal Equivalent of the Oxides of 

Chlorine 15 0 0 

Carried forward .£1020 0 0 


* Eeappointed. 
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Geology, £ s. d. 

Brought forward 1020 0 0 

^Duncan, Dr. — Dossil Crustacea 25 0 0 

*Lyell, Sir C., Bart. — Kent’s Cavern Exploration 100 0 0 

^Harkness, Professor. — Investigation of FossU Corals 25 0 0 

*Busk, Mr. — Fossil Elephants of Malta (renewed) 25 0 0 

Harkness, Professor. — Collection of Fossils in the North-west 

of Scotland 10 0 0 

llamsay, Professor. — Mapping Positions of Erratic Blocks and 

Boulders 10 0 0 

Biology. 

*Stainton, Mr. — Bccord of the Progress of Zoology 100 0 0 

^Balfour, Professor. — Effect of the Denudation of Timber on 

the llainfall in North Britain (renewed) 20 0 0 

*Sharpey, Dr. — Physiological Action of Organic Compounds . . 25 0 0 

Foster, Professor M. — Terato-cmbryological Inquiries 20 0 0 

Foster, Professor M. — Heat Generated in the Arterialization 

of the Blood (part renewed) 15 0 0 

Christison, Professor. — Antagonism of Poisonous Substances. . 20 0 0 

Geography. 

^Murchison, Sir R. Bart. — Exploration of the Country of Moab 100 0 0 

Economic Science and Statistics. 

*Bowring, Sir J. — Metric Committee 75 0 0 

Mechanics. 

Rankine, Professor. — Experiments on Instruments for Mea- 
suring the Speed of Ships and Currents 30 0 0 

Total.... .£1620~ 0 0 

* Ecappointcd 


Place of Meeting in 1873. 

It was resolved that the Annual Meeting of the Association in 1873 bo 
held at Bradford. 
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General Statement of Sums which have been paid on Account of Grants 

for Scientific Purposes* 


£ St d, 

1834. 

Tide Discussions 20 0 0 

1835. 

Tide Discussions 62 0 0 

British Fossil Ichthyology ...... 105 0 0 

£167 0 0 

1836. 

Tide Discussions 163 0 0 

Biitibh Fossil Ichthyology 105 0 0 

Thermometric Observations, &c. 50 0 0 

Experiments on long-continued 

Heat 17 1 0 

Rain-Gauges 913 0 

Refraction Experiments 15 0 0 

Eunar Nutation 60 0 0 

Thermometers 15 6 0 

~£l34 14 0 

1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterranean 

Temperatuie 89 5 0 

Vitrification Experiments 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 

^ "l 8 1^ 6 

1838. 

Tide Discussions 29 0 0 

Biitish Fossil Fishes . ... 100 0 0 

Meteorological Observations and 

Anemometer (construction) 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Substances 

(Pieservation of) 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 6 6 

Education Committee 50 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Subterranean Temperature 8 6 0 

Steam-vessels 100 0 0 

Meteorological Committee 31 9 5 

Tliermometers 16 4 0 

“£^^56“T2 2 

1839. — — 

Fossil Ichthyology 110 0 0 

Meteorological Obseivations at 

Plymouth 63 10 0 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 6 


£ s. d, 

Meteoiology and Subteiranean 


Temperature 21 11 0 

Vitiification Experiments. 9 4 7 

Cast-Iron Experiments.... 100 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam-vessels’ Engines 100 0 0 

Slais in Ilistoire Celeste 331 18 6 

Stais in Lacaille 11 0 0 

Stars m R A.S. Catalogue 6 16 6 

AniraalSecretions 10 10 0 

Steam-engines in Cornwall 50 0 0 

Atmospheric An 16 1 0 

Cast and Wiought Iron 40 0 0 

Heat on Oiganic Bodies 3 0 0 

Gases on Solar Spectium 22 0 0 

Houily Meteorological Observa- 
tions, Inveiness and Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

£1595 n 0 


1810. 

Biistol Tides 100 0 0 

Subterranean Tenipeiatuie 13 13 6 

Heait Expciiments 18 19 0 

Lungs Expciiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stais (Histoire C61cste) 242 10 0 

Stais (Lacaille) 4 15 0 

Stais (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteoiological Observations 52 17 6 

I’oieign Scientific Memoirs 112 1 6 

Woiking Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 181 7 0 

Chemical and Llectiical Pheno- 
mena 40 0 0 

Meteorological Obseivations at 

Plymouth 80 0 0 

Magnctical Obseivations 185 13 9 

£1^6" 16~4 


1841. 

Observations on Waves 30 0 0 

Meteorology and Subteiranean 

Tempeiature 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 5 0 0 

Marine Zoology 15 12 8 

Skeleton Maps 20 0 0 

Mountain Barometers 6 18 6 

S'ars (Histone Celeste) 185 0 0 
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£ 8. d. 

SUrs (Lacaille) 79 5 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations at 

Inverness 20 0 0 

Meteorological Observations (re- 
duction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foieign Memoirs C2 0 0 

Railway Sections 38 1 6 

Forms of Vessels 193 12 0 

Meteorological Observations at 

Plymouth 55 0 0 

Magnetical Observations 61 18 8 

Fishes of the Old Red Sandstone 100 0 0 

Tides at Leith 50 0 0 

Anemometer at Edinbuigh 69 110 

Tabulating Observations 9 6 3 

Races of Men 5 0 0 

Radiate Animals 2 0 0 

£1235 10 11 


1842. 

Dynamometric Instruments 113 11 2 

Anoplura Britanniae 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

C'hronometeis 26 17 6 

Mai me Zoology 1 5 0 

Biitish Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ Engines... 28 0 0 

Stars (Histoire Celeste) 59 0 0 

Stars (But. Assoc. Cat. of ) 110 0 0 

Railway Sections 161 10 0 

Biitish Belemnites 50 0 0 

Fos-.!! Reptiles (publication of 

Report) 210 0 0 

•Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Experiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Grow th of Seeds 8 0 0 

Vital Statistics 50 0 0 

Vegetative Po\\er of Seeds 8 1 11 

Questions on Human Race 7 9 0 


£1449 17 8 

1843. 

Revision of the Nomenclature of 


Stars 2 0 0 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 


Anomalous Tides, Frith of Forth 120 0 0 

Hourly Meteorological Observa- 
tions at Kingussie andinverness 77 12 8 

Meteorological Observations at 


Plymouth 55 0 0 

Whewell’s Meteorological Aiie- 

wometer at Plymouth 10 0 0 
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£ 8. d. 

Meteorological Observations, Os- 
ier’s Anemometer at Plymouth 20 0 0 

Reduction of Meteorological Ob- 

scivations 30 0 0 

Meteorological Instruments and 

Giatiiities 39 6 0 

Construction of Anemometer at 

Inverness 56 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recoider for Kew 

Obseivatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Obseiva- 
tory, Wages, Repairs, Furni- 
ture and Sundiies 133 4 7 

Experiments by Captive Balloons 81 8 0 

Oxidation of the Rails of Railways 20 0 0 

Publication of Report on Fossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections 147 18 3 

Registration of Eaithquake 

Shocks 30 0 0 

Report on Zoological Nomencla- 
ture 10 0 0 

Uncoveiing Lowei Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds 5 3 8 

Mai me Testacca (Habits of ) ... 10 0 0 

Marine Zoology 10 0 0 

Maiine Zoology 2 14 11 

Pieparation ot Repoit on British 

Fossil Mammalia 100 0 0 

Phj siological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 36 5 8 

Additional Experiments on the 

Forms of Vessels 70 0 0 

Additional Expeiiments on the 

Foi ms of Vessels 100 0 0 

Reduction of Experiments on the 

Forms of Vessels 100 0 0 

Morin’s Instiument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 

Mateiials 60 0 0 


£1565 10 2 


1844. 

Meteorological Observations at 

Kingussie and Inverness 12 0 0 

Completing Obscivations at Ply- 
mouth 35 0 0 

Magnetic and Meteoiological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland 100 0 0 

Revision of the Nomenclature of 

Stars 1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory...., 117 17 3 

Instruments for Kew Observatory 56 7 3 
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£ s. d. 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature in 

Ireland 5 0 0 

Coloured Drawings of Railway 

Sections 15 17 6 

Investigation of Fossil Fishes of 

the Lower Tertiary Strata ... 100 0 0 

Registeiing the Shocks of Earth- 
quakes 1842 23 11 10 

Structuie of Fossil Shells 20 0 0 

Radiata and Mollusca of the 

iEgean and Red Seas 1842 100 0 0 

Geographical Distributions of 

Marine Zoology 1842 10 0 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality of 

Seeds 9 0 3 

Experiments on the Vitality of 

Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on the 

Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 50 0 0 

Constant Indicator and Morin's 

Instrument 1842 10 3 6 

£981 12 8 


1845. 



£ 

s. 

d. 

Computation of the Gaussian 




Constants for 1829 

50 

0 

0 

Maintaining the Establishment at 




Kew Observatory 

14G 

IG 

7 

Strength of Materials 

60 

0 

0 

Researches in Asphyxia 

G 

IG 

2 

Examination of Fossil Shells 

10 

0 

0 

Vitality of Seeds 1844 

2 

15 

10 

Vitality of Seeds 1845 

7 

12 

3 

Marine Zoology of Cornwall 

10 

0 

0 

Marine Zoology of Britain 

10 

0 

0 

Exotic Anoplura 1844 

25 

0 

0 

Expenses attending Anemometers 

11 

7 

6 

Anemometers’ Repairs 

2 

3 

6 

Atmospheric Waves 

3 

3 

3 

Captive Balloons 1844 

8 

19 

3 

Varieties of the Human Race 




1844 

7 

6 

3 

Statistics of Sickness and Mor- 




tality in York 

12 

0 

0 

£085 

TtT 

~0 

1847. 




Computation of the Gaussian 




Constants for 1829 

50 

0 

0 

Habits of Marine Animals 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Marine Zoology of Cornwall ... 

10 

0 

0 

Atmospheric Waves 

6 

9 

3 

Vitality of Seeds 

4 

7 

7 

Maintaining the Establishment at 




Kew Observatory 

107 

8 

6 

£208 

5 

4 “ 


Publication of the British Associa- 


tion Catalogue of Stars 

351 

14 

6 

Meteorological Observations at 

Inverness 

30 

18 

11 

Magnetic and Meteorological Co- 

operation 

16 

16 

8 

Meteoiological Instruments at 

Edinburgh 

18 

11 

9 

Reduction of Anemometrical Ob- 

servations at Plymouth 

25 

0 

0 

Electrical Experiments at Kew 

Observatory 

43 

17 

8 

Maintaining the Establishment in 

Kew Observatory 

For Kreil’s Barometrograph 

149 

15 

0 

25 

0 

0 

Gases from Iron Furnaces 

50 

0 

0 

The Actinograph 

15 

0 

0 

Microscopic Structure of Shells... 

20 

0 

0 

Exotic Anoplura 1843 

10 

0 

0 

Vitahty of Seeds 1843 

2 

0 

7 

Vitality of Seeds 1844 

7 

0 

0 

Marine Zoology of Cornwall 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Statistics of Sickness and Mor- 

tdlity in York 

20 

0 

0 

Earthquake Shocks 1843 

15 

14 

8 

£830 

9 

9 

1846. 

British Association Catalogue of 

Stars 1844 

211 

15 

0 

Fossil Fishes of th^ |ypp4oo Clay 

100 

0 

0 


1848. 

Maintaining the Establishment at 


Kew Observatory 171 15 11 

Atmospheric Waves 3 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogues of Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 

“^75 1 8 


1849. 

Electrical Observations at Kew 

Observatory 50 0 0 

Maintaining Establishment at 

ditto 7G 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 5 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

Bill on account of Anemometrical 

Observations 13 9 0 


£159 19 6 

1850. 

Maintaining the Establishment at 


Kew Observatoiy 256 18 0 

Transit of Earthquake Waves .. 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instrument, 

Azores 25 0 0 

£345 18 0 
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ft, d* 


£ s, d, 

1851. 

Maintaining the Establishment at 
Kew Observatory (includes part 

of grant in 1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animals 

and Plants 5 0 0 

Vitality of Seeds 5 0 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida 10 0 0 


£391 9 7 

1852. — 

Maintaining the Establishment at 
Kew Observatory (including 
balance of grant for 1850) ... 233 17 8 


Expeiiments on the Conduction 

of Heat 5 2 9 

Influence of Solar Radiations ... 20 0 0 

Geological Map of Ireland 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 

~£304 6 7 

1853. ’ 

Maintaining the Establishment at 

Kew Observatory 105 0 0 

Experiments on the Influence of 

Solar Radiation 15 0 0 

Rcseaicheson the British Anne- 
lida 10 0 0 

Di edging on the East Coast of 

Scotland 10 0 0 

Ethnological Queries 5 0 0 


£205 0 0 

1854. ' 

Maintaining the Establishment at 
Kew Observatoiy (including 


balance of former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wioughtiron 10 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

Biitish Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 

~ £380 19 7 

1855. 

Maintaining the Establishment at 

Kew Observatoiy 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds 10 7 11 

Map of the Woild...... 15 0 0 

Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 

£480 10 4 

— r ri-i 

1856. 


Maintaining the Establishment at 
Kew Observatory. — 

1854 £ 75 0 01 

1855 £500 0 0/ 


575 0 0 


Strickland’s Ornithological Syno- 


nyms 100 0 

Dredging and Dredging Forms... 9 13 

Chemical Action of Light 20 0 

Strength of Iron Plates 10 0 

Registration of Periodical Pheno- 
mena 10 0 

Propagation of Salmon 10 0 


£734 13 


1857. 

Maintaining the Establishment at 

Kew Observatory 350 0 

Earthquake Wave Expeiiments. . 40 0 

Dredging near Belfast 10 0 

Di edging on the West Coast of 

Scotland 10 0 

Investigations into the Mollusca 

of California t... 10 0 

Experiments on Flax 5 0 

Natmal History of Madagascar. . 20 0 

Researches on British Annelida 25 0 

Report on Natural Products im- 
ported into Liverpool 10 0 

Artificial Propagation of Salmon 10 0 

Temperature of Mines 7 8 

Thermometers for Subterranean 

Observations 5 7 

Life-Boats 5 0 

1858. “ 

Maintaining the Establishment at 

Kew Observatoiy 500 0 

Earthquake Wave Experiments.. 25 0 

Dredging on the West Coast of 

Scotland 10 0 

Di edging near Dublin 5 0 

Vitality of Seeds 5 5 

Dredging near Belfast 18 13 

Report on the British Annelida... 25 0 

Experiments on the production 

of Heat by Motion m Fluids ... 20 0 

Report on the Natural Products 


imported into Scotland 10 0 

£618 18“ 
1859. 

Maintaining the Establishment at 

Kew Obseivatory 500 0 

Di edging near Dublin 15 0 

Osteology of Birds 50 0 

Irish Tunicata 5 0 

^lanure Experiments^ 20 0 

British Medusidce 5 0 

Dredging Committee 5 0 

Steam-vessels’ Performance .... 5 0 

Marine Fauna of South and W'est 

of lieland 1 0 0 

Photogiaphic Chemistry 10 0 

Lanarkshire Fossils 20 0 

Balloon Ascents.. 39 11 


1860. 

Maintaining the Establishment 

of Kew Observatory 500 0 

Dredging near Belfast 16 6 

Dredging in Dublin Bay,,,.,, 15 0 


0 

9 

0 

0 

0 

0 

9 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 


0 

0 

0 

0 

0 

2 

0 

0 

2 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

I 


0 

0 

0 
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£ s. d. 

Incjuiry into the Peifoiniance of 

Steam-vessels 124 0 0 

Explorations in the Yellow Sand- 
stone of Dura Den 20 0 0 

Chemico-meclianicdl Analysis of 

Itocks and Mineials 25 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility of 

Salts 30 0 0 

Researches on the Constituents 

of Manures 25 0 0 

Balance of Captive Balloon Ac- 
counts... 1 13 6 

£12JH 7 0 

1801. - 
Maintaining the Establishment 

of Kew Observatory 500 0 0 

Eaithquake Expeiiments 25 0 0 

Dredging North and East Coasts 

of Scotland 23 0 0 

Dredging Committee . — 

1860 £50 0 0\ -0 n n 

1861 £22 0 0/ ^ ^ 

Excavations at Dura Den 20 0 0 

Solubility of Salts 20 0 0 

Steam-vessel Perfoimance 150 0 0 

Fossils of Lc'imahago 15 0 0 

Explorations at Unconium 20 0 0 

Chemical Alloys 20 0 0 

Classified Index to the Tiansac- 

tions 100 0 0 

Dredging in the Meisey and Dee 5 0 0 

Dip Circle 30 0 0 

Pliotoheliographic Observations 50 0 0 

Prison Diet 20 0 0 

Gauging of Water 10 0 0 

Alpine Ascents 0 5 1 

Constituents of Manuies 25 0 0 

£n 1 1 ^0 

1862. 

Maintaining the Establishment 

of Kew Observatory ,500 0 0 

Patent Laws 21 6 0 

Mollusca of N.-W. Ameiica 10 0 0 

Natural History by Mercantile 

Marine 5 0 0 

Tidal Observations 25 0 0 

Photoheliometer at Kew 40 0 0 

Photogiaphic Pictuics of the Sun 150 0 0 

Rocks of Donegal 25 0 0 

Diedging Duiham and North- 
umberland 25 0 0 

Connexion of Storms . ... 20 0 0 

Dredging North-east Coast of 

Scotland 6 9 6 

Ravages of Teiedo 3 11 0 

Standards of Electiical Resistance 50 0 0 

Railway Accidents 10 0 0 

Balloon Committee 200 0 0 

Dredging Dublin Bay 10 0 0 

Dredging the Mersey 5 0 0 

Prison Diet 20 0 0 

Gauging of Water..,., 12 10 0 


£ s. d. 

Steamships’ Peiformancc 150 0 0 

Theimo-Electiic Currents . 5 0 0 

£T29;r'r6 ^6 

1863. 

Maintaining the Establishment 
of Kew Obsenatoiy . 600 0 0 

Balloon Committee deficiency... 70 0 0 

Balloon Ascents (other expenses) 25 0 0 

Entozoa 25 0 0 

Coal Fossils 20 0 0 

Hei rings 20 0 0 

Granites of Donegal 5 0 0 

Piison Diet 20 0 0 

Vertical Atmospheric Movements 13 0 0 

Dredging Shetland .... 50 0 0 

Dredging North-east coast of 

Scotland 25 0 0 

Dredging Noithumberland and 
Durham . . 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

Steamship Performance . 100 0 0 

Balloon Committee . 200 0 0 

Caibon under pressure . .. 10 0 0 

Volcanic Temperature . . 100 0 0 

Biomide of Ammonium . 8 0 0 

Electrical Standards . 100 0 0 

Construction and distiibu- 

tion . . 40 0 0 

Luminous Meteors . 17 0 0 

Kew Additional Buildings for 

Fhotoheliograpli ... 100 0 0 

Thcinio-Electucity . ..... 15 0 0 

Analysis of Rocks . . 8 0 0 

Ilydroida 10 0 0 

£rb08~3 10 


1864. 

Maintaining the EstablishniCMt 

of Kew Obscivatory 600 0 0 

Coal Fossils . 20 0 0 

Vertical Atniosplienc Move- 
ments 20 0 0 

Diedging Shetland 75 0 0 

Dredging Northumberland . 25 0 0 

Balloon Coinnattee 200 0 0 

Carbon under pressure . 10 0 0 

Standards of Electiic Resistance 100 0 0 

Analysis of Rocks 10 0 0 

Ihdroida 10 0 0 

Askham’s Gift 50 0 0 

Nitnic of Amyle 10 0 0 

Nomenclature Committee 5 0 0 

Rain-Gauges 19 15 8 

Cast-Iion Investigation 20 0 0 

Tidal Observations in the Hnmbci 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 


£1289 15 8 

1865. 

Maintaining the Establishment 
of Kew Observatory,. . . 600 0 0 


Balloon Committee 100 0 0 

Ilydroida 13 0 0 
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£ 8. d. 

Rain-Gauges 30 0 0 

Tidal Observations 111 the Humber 6 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation 10 0 0 

Eiirypterus 50 0 0 

Electiical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches . . 150 0 0 

Kent’s Hole Excaiations 100 0 0 

Moon’s Suiface Observations 35 0 0 

Marine Fauna . 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands .. . 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies in 


Bath Waters Analysis 8 10 0 

Luminous Meteors 40 0 0 

iTbOW To 

18G6. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 64 13 4 

Balloon Committee 50 0 0 

Metrical Committee 50 0 0 

British Ilainfall 50 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fos«il Leaf-Bed ... 15 0 0 

Luminous Meteors . . . 50 0 0 

Lingula Flags Excavation . 20 0 0 

Chemical Constitution of Cast 
Iron . . . .. 50 0 0 

Amyl Compounds . 25 0 0 

Electrical Standards .. 100 0 0 

Malta Caves Exploiation . 30 0 0 

Kent’s Hole Exploration . 200 0 0 

Marine Fauna, &c, Devon and 

Cornwall . ... 25 0 0 

Dredging Abeideenslure Coast 25 0 0 

Dredging Hebrides Coast ... 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies in 

Water . . . 50 0 0 

Rolycyanidcs of Oiganic Radi- 
cals 20 0 0 

Rigor Moitis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of Crania .... 50 0 0 


Didine Birds of Mascai one Islands 50 0 0 
Typical Crania Researches .. 30 0 0 
Palestine Exploration Fund . . 100 0 0 

£1750 13 4 

1867. 

Maintaining the Establishment 


of Kew Observatory 600 0 0 

Meteorological Instruments, Pa- 
lestine 50 0 0 

Lunar Committee 120 0 0 


£ s d. 


Metrical Committee 

30 

0 

0 

Kent’s Hole Explorations 

100 

0 

0 

Palestine Explorations 

50 

0 

0 

Insect Fauna, Palestine ........ 

30 

0 

0 

Biitish Rainfall 

50 

0 

0 

Kilkenny Coal Fields 

25 

0 

0 

Alum Bay Fossil Leaf-Bed .... 

25 

0 

0 

Luminous Meteors 

50 

0 

0 

Bournemouth, &c. Leaf-Beds ... 

30 

0 

0 

Dredging Shetland 

75 

0 

0 

Steamship Reports Condensation 

100 

0 

0 

Electrical Standards 

100 

0 

0 

Ethyle and Methyle senes . . 

25 

0 

0 

Fossil Crustacea 

25 

0 

0 

Sound under Water 

24 

4 

0 

North Greenland Fauna . .. 

75 

0 

0 

Do. Plant Beds . 

100 

0 

0 

Iron and Steel Manufactuie . . 

25 

0 

0 

Patent Laws 

. 30 

0 

0 

£1739 

4 

0 


1868. 

Maintaining the Establishment 


of Kew Obseivatory 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent’s Hole Explorations 150 0 0 

Steamship Performances . ...... 100 0 0 

British Rainfall 50 0 0 

Luminous Meteors 50 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

Methyl series 25 0 0 

Mercury and Bile 25 0 0 

Organic lemaiiis in Limestone 

Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall .. 30 0 0 

Biitish Fossil Coials 50 0 0 

Bagshot Leaf-beds 50 0 0 

Greenland Exploiations 100 0 0 

Fossil Floia 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 50 0 0 

Spectioscopic investigations of 

Animal Substances 5 0 0 

Secondary Reptiles, &c 30 0 0 

British Marine Invertebrate 
Fauna 100 0 0 


£1940 0 0 

1869. 


Maintaining the Establishment 


of Kew Observatoiy 

600 

0 

0 

Lunar Committee 

50 

0 

0 

Metrical Committee 

25 

0 

0 

Zoological Recoid 

100 

0 

0 

Committee on Gases in Deep- 




well Water 

25 

0 

0 

Bntisli Rainfall 

50 

0 

0 

Thermal Conductivity of Iron, 




&c 

30 

0 

0 

Kent’s Hole Explorations 

150 

0 

0 

Steamship Performances 

30 

0 

0 
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£ s. d. 

Chemical Constitution of Cast 
Iron 80 0 0 


Iron and Steel Manufacture ... 100 0 0 

Methyl Series 30 0 0 

Organic remains in Limestone 

Rocks 10 0 0 

Earthquakes in Scotland 10 0 0 

British Fossil Corals 50 0 0 

Ragshot Leaf-Beds 30 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature .. 30 0 0 

Spectroscopic Investigations of 

Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 

Chemical Constitution and Phy- 
siological Action Relations . 15 0 0 

Mountain Limestone Fossils . 25 0 0 

Utilization of Sewage .. . 10 0 0 

Products of Digestion 10 0 0 


£1622 0 0 

1870. 

Maintaining theEstablishmcnt of 


Kew Observatory 600 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna ... 20 0 0 

Ears in Fishes 10 0 0 

Chemical nature of Cast Iron ... 80 0 0 

Luminous Meteors 30 0 0 

Heat in the Blood 15 0 0 

British Rainfall 100 0 0 

Thermal Conductivity of Iron &c. 20 0 0 

British Fossil Corals 50 0 0 

Kent’s Hole Explorations 150 0 0 

Scottish Earthquakes 4 0 0 


£ s d. 

Bagshot Leaf-Beds 15 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Kiltorcan Quanies Fossils 20 0 0 

Mountain Limestone Fossils ... 25 0 0 

Utilization of Sewage 50 0 0 


Organic Chemical Compounds... 30 0 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of Heat 50 0 0 

£1572 0 0 


1871. 


Maintainingthe Establishment of 


Kew Observatoiy 

Monthly Reports of Progress in 

GOO 

0 

0 

Cbemistiy 


100 

0 

0 

Metrical Committee 


25 

0 

0 

Zoological Record 

Thermal Equivalents of 

9 V • • 

the 

100 

0 

0 

Oxides of Chlorine ... 


10 

0 

0 

Tidal Observations . . .. 


100 

0 

0 

Fossil Flora 


25 

0 

0 

Luminous Meteors . ... 

• • • 

30 

0 

0 

British Fossil Corals 

* , 

25 

0 

0 

Heat in the Blood 


7 

2 

6 

British Rainfall 


50 

0 

0 

Kent’s Hole Exploiations 


150 

0 

0 

Fossil Crustacea 


25 

0 

0 

Methjl Compounds 

« » • • • 

25 

0 

0 

Lunar Objects 

Fossil Corals Sections, for Pho- 

20 

0 

0 

tographing 

• t • 

20 

0 

0 

Bagshot Leaf-Beds 

• • • 

20 

0 

0 

Moab Explorations .... 

• • » • 

100 

0 

0 

Gaussian Constants 

. 

40 

0 

0 


£1472 

2 

6 
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General Meetings. 

Oil Wednesday Evening, August 2, at 8 p.m., in the Music Hall, Professor 
T. H. Huxley, LL.T)., E.lt.S., E.L.S., President, resigned the offiee of Pre- 
sident to Professor 8ir William Thomson, LL.D., E.R.8., who took the Chair, 
and delivered an Address, for which see page Ixxxiv. 

On Thursday Evening, August 3, at 8.30 p.m., in the Music Hall, F. A. 
Abel, Esq. E.K S., Director of the Chemical Department, Eoyal Arsenal, 
Woolwich, delivered a Discourse on “ Some Decent Investigations and Ap- 
plications of Explosive Agents.” 

On Friday Evening, August 4, at 8 p.m., a Soiree took place in the Uni- 
versity Library. 

On Monday Evening, August 7, at 8.30 p.m., in the Music Hall, E. B. 
Tylor, Esq., delivered a Discourse on “ The Delation of Primitive to Modern 
Civilization.” 

On Tuesday Evening, August 8, at 8 p.m., a Soiree took place in the Museum 
of Science and Art. 

On Wednesday, August 9, at 2 30 p.m., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Grants 
of Money for Scientific purposes, w’erc explained to the Members. 

The Meeting was then adjourned to Brighton*. 

* Tlie Meeting is appointed to take place on Wednesday, August 14, 1872, 
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Sir william THOMSON, Knt., LL.D., F.R.S., 

PRESIDENT. 


For the third time of its forty years’ history the British Association is 
assembled in the metropolis of Scotland. The origin of the Association is 
connected with Edinburgh in undying memory through the honoured names 
of Robison, Brewster, Forbes, and Johnston. 

In this place, from this Chair, twenty-one years ago. Sir David Brewster 
said : — “ On the return of the British Association to the metropolis of Scot- 
land I am naturally reminded of the small band of pilgrims who earned 
‘‘ the seeds of this Institution into the more genial soil of our sister land.” 

“ Sir John Robison, Professor Johnston, and Professor J. D. 

“ Forbes were tlie earliest friends and promoters of the British Association. 
“ They went to York to assist in its establishment, and they found there the 
very men who were qualified to foster and organize it. The Rev. Mr. 
** Vernon Harcourt, whoso name cannot be mentioned hero without grati- 
tude, had provided laws for its government, and, along with Mr. Phillips, 
“ the oldest and most valuable of our office-bearers, had made all those 
arrangements by which its success was ensured. Headed by Sir Roderick 
“ Murchison, one of the very earliest and most active advocates of the 
“ Association, there assembled at York about 200 of the friends of science.” 

The statement I have read contains no allusion to the real origin of the 
British Association. This blank in my predecessor’s historical sketch J am 
able to fill in from words written by himself twenty years earlier. Througli 
the kindness of Professor Phillips I am enabled to read to you part of a 
letter to him at York, written by David Brewster from Allerly by Melrose, 
on the 23rd of February, 1831 : — 

“ Dear Sir, — I have taken the liberty of writing you on a subject of con- 
“ siderable importance. It is proposed to establish a British Association of 
“ men of science similar to that which has existed for eight years in Ger- 
many, and which is now patronized by the most powerful Sovereigns of that 
“ part of Europe. The arrangements for the first meeting are in progress ; and 
it is contemplated that it shall be held in York, as the most central city for 
the three kingdoms. My object in writing you at present is to beg that you 
“ would ascertain if York will furnish the accommodation necessary for so 
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large a meeting (wliich may perhaps consist of above 100 individuals), if 

the Philosopincal Society would enter zealously into the plan, and if the 
“ Mayor and influential persons in the town and in the vicinity would be 
“ likely to promote its objects. The principal object of tlie Society would 
“ be to make the cultivators of science acquainted with each other, to stimu- 
“ late one another to new exertions, and to bring the objects of science more 
“ before the public eye, and to take measures for advancing its interests 

and accelerating its progress.” 

Of the little band of four pilgrims from Scotland to York, not one now 
survives. Of the seven fiist Associates one more has gone over to the 
majority since the Association last met. Vernon Harcourt is no longer with 
ns ; but Ins influence remains, a beneficent and, surely therefore, never dying 
influence, lie was a Geologist and Chemist, a largc-hcaitcd lover of science, 
and an unweaiicd worker for its advancement. Brewster was the founder of 
the Brihsli Association , Yeriion Harcourt was its law-giver. His code re- 
mains to this day the law of tlie Association. 

On the eleventh of May last Sir JohnHerschel died, in the eightieth year of 
his age. The name of Ilerscliel is a household word throughout Great Britain 
and Ireland — yes, and thiougli the ivliole civilized world. Wo of this genera- 
tion have, from our lessons of childhood upwards, learned to sec in Herschol, 
father and son, a jirtesidmni et didce denis of the precious treasure of British 
scientific fame. Vdien geography, astronomy, and the use of the globes were 
still taught, even to ]>oor childien, as a pleasant and piofitable sequel to “read- 
ing, writing, and aiillimetic,” ^^hlch of us did not levere the great telescope 
of Sir William Her^chel (one of the Hundred Wondeis of the World), and 
learn with delight, diieclly oi indiiectly fiom the charming pages of Sir John 
Heisehers book, about the sun and his spots, and thefleiy tornadoes sweeping 
over his suifarc, and about the planets, and Jupiter’s belts, and Saturn’s rings, 
and the fixed stars with their proper motions, and the double stars, and 
coloured stars, and the nebuLe discovered by tlie gieat telescope ? Of Sir 
Jolin Heisehel it may indeed be said, iid tctiyit qvod non ornavit. 

A monument to h’araday and a monument to Ilerscliel, Biitainmiist have. 
The nation will not be saiistied 'with any thing, however splendid, done by 
private subscription. A national monument, the moie humble in point of 
expense the better, is lequircd to satisfy that honoiiiable pride with which 
a higli-spirited nation cheiislies the inemoiy of its great incn. But for 
the glory of Taiaday or the glory of Hcrschel, is a monument wanted? 
No! 

What needs my Sh.ikespere for Ins honoured bones 
I’he labour of an age in piled stone^^ 

Oi that hi-, hallowed lelupies should be hid 
Under a star-}^ pointing pyiannd i 
Dear son of memory, great heir of fame, 

What need’s! thou .such weak witness ot thy name' 
tl'hou, in our \vonder and astomshinont. 

Hast budt thjsell a hic-long monument. 

* V * 

And, so sepiilchrcd, in such pomp dost lie, 

That kings for such a tomb would wish to die. 

With regard to Sir John Horschcl’s scientific work, on the 2>i'cseiit oeca- 
sion I can but refer briefly to a few jioints which seem to me salient in his 
physical and matlicmalical writings. Tirst, I remark that he has put 
forward, most instructively and profitably to his readers, the general theory 
of periodicity in dynamics, and has urged the practical utilizing of it, espe- 

1871. fj 
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cially in meteorology, by the harmonic analysis. It is purely by an appli- 
cation of this principle and practical method, that tho British Association’s 
Committee on Tides has for tho last four years been, and still is, working 
towards the solution of the grand problem proposed forty- eight years ago by 
Thomas Young in tho following words : — 

There is, indeed, little doubt that if wo were provided with a sufficiently 
“ correctseries of minutely accurate observations on the Tides, made not merely 

with a view to the times of low and liigh water only, but rather to tho heights 
‘‘ at the intermediate times, wo might form, by degrees, with tho assistance 

of the theory contained in this article only, almost as perfect a set of tables 
“ for the motions of tlio ocean as we have already obtained for those of tho 
“ celestial bodies, which are the more immediate objects of the attention of 
“ the practical astronomer.” 

Sir John Ilerschers discovery of a right or left-honded asymmetry in the 
outward form of crystals, sucli as quartz, which in their inner molecular 
structure jiosscss the heiiyoidal rotational property in reference 1o tho plane 
of polarization of light, is one of tho notable points of meeting between 
Natural History and Natural Philosophy. His observations on “ epipolic di- 
spersion ” gave Stoiccs the clue by which he wais led to his great discovery of 
the change of periodic time expenenced liy light in falling on certain substances 
and being dispersively reflected from them. In respect to pure mathematics 
Sir John Herschel did more, I believe, than any other man to introduce into 
Britain the powerful methods and the valuable notation of modern analysis. 
A remarkable mode of symbolism had fresiily appeared, I believe, in the 
works of Laplace, and possibly of other French mathematicians ; it certainly 
appeared in Fourier, but whether before or after HerschePs work 1 cannot 
say. With tho French writcis, however, this was rather a short method of 
writing formuhe than tho analytical ('nginc winch it became in the hands 
of Herschel and British followers, especially Sylvester and tlrcgory (com- 
petitors with Green in the Cambridge Mathematical Tripos struggle of 1837) 
and Boole and Cayley. This method was greatly advanced by Gregory, who 
first gave to its working-power a secure and philosophical foundation, and so 
prepared the way for the marvellous extension it has received from Boole, 
Sylvester, and Cayley, according to which symbols of operation become tho 
subjects not merely of algebraic combination, but of differentiations and in- 
tegrations, as if they were symbols expressing values of vaiyung quantities. 
An even more marvellous development of this same idea of the separation of 
symbols (according to which Gregory separated the algebraic signs -f and — 
from other symbols or quantities to be characterized b)’’ them, and dealt with 
them according to the laws of algebraic combination) received from Hamilton 
a most astonishing generalization, by the invention actually of now laws of 
combination, and led him to his famous “ Quaternions,” of wliicli he gave 
his earliest exposition to the Mathematical and Physical Section of this As- 
sociation, at its meeting in Cambridge in the year 1845. Tait has taken up 
the subject of quaternions ably and zealously, and has carried it into phy- 
sical science with a faith, shared by some of the most thoughtful mathematical 
naturalists of the day, that it is destined to become an engine of perhaps 
hitherto unimagined power for investigating and expressing results in 
Natural Philosophy. Of Herschel’s gigantic work in astronomical observa- 
tion I need say nothing. Doubtless a careful account of it will bo given 
in tho ‘ Proceedings of the Boyal Society of London ’ for tho next anniver- 
sary meeting. 

* Young’s, written in 1823 for the Supplement to tho ‘ Enoyclopadia Britannica.’ 
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In the past year another representative man of British science is gone. 
Mailiematics has had no steadier supporter for half a century than De 
Morgan. His great book on the differential calculus was, for the mathema- 
tical student of thirty years ago, a highly prized repository of all the best 
things that could be brought together tinder that title. I do not believe 
it is less valuable now ; and if it is less valued, may this not be because it 
is too good for examination purposes, and because the modern student, 
labouring to win marks in the struggle for existence, must not suffer himself 
to be beguiled from the stern path of duty by any attractive beauties in the 
subject of hi8 study ? 

One of the most valuable services to science which the British Association 
has performed has been the establishment, and the twenty-nine years’ 
maintenance, of its Observatory. The Itoyal Meteorological Observatory of 
Kew was built originally for a Sovereign of England who was a zealous 
amateur of astronomy. George the Third used continually to repair to it 
when any celestial phenomenon of peculiar interest was to be seen ; and a 
manuscript book still exists filled with observations written into it by his 
own hand. After the building had been many years unused, it was 
granted, in the year 1842, by the Commissioners of Her Majesty’s Woods 
and Porests, on ajiplication of 8ir Edward Sabine, for the purpose of con- 
tinuing observations (from which he had already deduced important results) 
regarding the vibration of a pendulum in various gases, and for the purpose 
of promoting pendulum observations in all parts of the world. The 
Government granted only the building — no funds for carrying on the work 
to be done in it. Tlic Kojml Society was unable to undertake the main- 
tenance of such an observatory; but, happily for science, the zeal of in- 
dividual Fellows of the Iloyal Society and Members of the British Asso- 
ciation gave the initial impulse, supplied the necessary initial funds, and 
recommended their new institution successfully to the fostering care of the 
British Association. The work of the Kew Observatory has, from the 
commencement, been conducted under the direction of a Committee of the 
British Association ; and annual grants from the funds of the Association have 
been made towards defraying its expenses up to the present time. To the 
initial object of pendulum research was added continuous observation of the 
phenomena of meteorology and terrestrial magnetism, and the construction 
and verification of thermometers, barometers, and magnetometers designed 
for accurate measurement. The magnificent services which it has rendered 
to science are so well known that any statement of them which I could at- 
tempt on the present occasion would be superfluous. Their value is due in a 
great measure to the ludcfatigable zeal and the great ability of two Scotchmen, 
both from Edinburgh, who successively held the office of Superintendent of 
the Observatory of the British Association — Mr. Welsh for nine years, until 
his death in 1859, and Dr. Balfour Btewart from then until the present 
time. Emits of their labours are to be found all through our volumes of 
lleports for these twenty-one years. 

The institution now enters on a new stage of its existence. The noble 
liberality of a private benefactor, one who has laboured for its welfare with 
self-sacrificing devotion unmtermittingly from within a few years of its crea- 
tion, has given it a permanent independence, under the general management 
of a Committee of the Eoyal Society. Mr. Gassiot’s gift of <£10,000 secures 
the continuance at Kew of the regular operation of the self-recording instru- 
ments for observing the phenomena of terrestrial magnetism and meteorology, 
without the necessity for further support from the British Association. 
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The success of the Kew Magnetic and Meteorological Observatory affords 
an example of the great gain to bo earned for science by the founda- 
tion of physical observatories and laboratories for experimental research, 
to be conducted by qualified persons, whose duties should be, not teach- 
ing, but experimenting. Whether we look to the honour of England, as a 
nation which ought always to bo the foremost in promoting physical science, 
or to those vast economical advantages which must accrue from such esta- 
blishments, we cannot but feel that experimental researcli ouglit to be made 
with us an object of national concern, and not left, as hitherto, exclusively 
to the private enterprise of self-sacrificing amateurs, and the necessarily 
inconsecutive action of our present Governmental Departments and of casmd 
Committees. The Council of the Iloyal Society of Edinburgh has moved for 
this object in a memorial presented by them to the Iloyal ConiniiS'!.iou on 
Scientific Education and the Advancement of Science. The Coniincni of 
Europe is referred to for an example to be followed with advantage in this 
country, in the following words. — 

“ On the Continent there exist certain institution^!, fitted with iiislruinciits, 
“ apparatus, chemicals, and other appliances, which are meant to be, and 
“ which are made, available to men of science, to enable them, at a moderate 
“ cost, to pursue original researches.” 

This statement is fully corroborated by information, on good aiithoiity, 
which T have received from Germany, to the effect that in .lb•us^la “every 
“ university, every poly technical academy, every industiial school (Jbealscliule 
“ and Gewerbeschule), most of the grammar-schools, in a woiu, nearly all the 
“ schools superior in rank to the elementary schools of the common people, aio 
“ supplied with chemical laboratories and a collection of philosophical in- 
“ struments and apparatus, access to which is most liberally granted by the 
“ directors of those schools, or the teachers of the rcspecti\o disciplines, to 
“ any person qualified, for snentijlc eA'perimenis. In consequence, though 
“ there exist no particular institutions like tliose mentioned in the me- 
“ monal, there will scarcely be found a town exceeding in number 5000 
“ inhabitants but offers the possibility of .scientijlc eA'p)h)'(Uiom at no other 
“ cost than reimbursement of the expense for the matciials wasted in the 
“ experiments.” 

Further, with reference to a remark in the j\tcmoiial to the effect that, in 
respect to the promotion of science, the Dritish Giovcrninent confines its 
action almost exclusively to scientific instruction, and fatally neglects the 
advancement of science, my informant tells me that, in Germany, “ professois, 
“ preceptors, and teachers of secondary schools aie engaged on acfouiit of 
“ their skilfulncss in teachimj ; but professors of universities are never engaged 
“unless they have already proved, h^j their own investiijations, that they are 
“ to be relied upon for the advancement of science. Theicfoie every shilling 
“ spent for instruction in universities is at the same time profitable to the ad- 
“ vancement of science.” 

The physical laboratories which have grown up in the Universities of 
Glasgow and Edinburgh, and in Owens College, Manchester, show the want 
felt of Colleges of llescarch ; but they go but infinitesimally toivards sii])- 
plying it, being absolutely destitute of means, material or personal, for ad- 
vancing science except at the expense of volunteers, or securing that volunteeis 
shall be found to continue even such little work as at present is earned on. 

The whole of Andrews’ splendid work in Queen’s College, Delfast, has 
been done under great difficulties and disadvantages, and at great peisonal 
sacrifices; and up to the present time there is not a student’s physical 
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laboratory in any one of the Queen’s Colleges in Ireland — a want which 
sorely ought not to remain, unsupplied. Each of these institutions (the 
four Scotch Universities, the three Queen’s Colleges, and Owens College, 
Manchester) rc(juiics two professors of Natural Philosophy — one ^^ho shall 
bo lesponsiblo for the teaching, the other for the advancement of seience by 
ovpcrimcnt. The Universily' of Oxfoid has already established a physical 
laboratory. The munificence of its Chancellor is about to supply the Univer- 
sity of Cambridge with a splendid laboratory, to be constructed under the 
eye of Professor Cleik Maxwell. On this subject I shall say no more at 
present, but simply read a sentenee which was spoken by Lord Milton in the 
first I’residcutial Address to the British Association, when it met at York in 
the year 1(S31 : — “ In addition to other more direct benefits, these meetings 
[of the British Association], I hope, will be the means of impressing on the 
Covcrnmeiit the conviction, that the love of scientific pursuits, and the 
means of pursuing them, are not confined to the metropolis ; and I hope 
“ that when the Government is fully impressed with tlie knowledge of the 
“ gicat desire entertained to promote science in every part of the empire, they 
will see the necessity of affording it due encouragement, and of giving every 
jiropcr stimulus to its advancement.” 

Bcsnles abstracts of papcis read, and discussions held, before the Sec- 
tions, the annual lleports of the Biitish Association contain a large mass 
of valuable matter of another class. It was an eaily pi action of the Associa- 
tion, a piacticc that might well be further developed, to call occasionally for 
a special repoit on some jiarticular branch of science from a man eminently 
(lualified for the task. The repoits received m compliance with these invita- 
tions have all done good seivicc in their tune, and they remain permanently 
useful as laiidniaiks in the histoiy of science. Some of them have led to 
vast practical lesiilts, otlieis of a more abstract character are valuable to 
tins day as poiveiful and mstruetivc condensations and expositions of the 
biandics of science to ivbicli tliey lelate. 1 cannot better illustrate the two 
kinds of efficiency realized in this dep<irtnient of the Association’s work than 
by referiing to Gcr^ ley's Beport on Abstract Dynamics''' and Sabine’s Ileport 
on Terrestrial Magnetism f (1833). 

To the gieat v.due of the foiiner, personal experience of benefit received 
enables me, and giatitude impels me, to testify. In a few pages full of 
precious matter, the generalized dj-namical cipiations of Lagrange, the 
great piuicifde evolved from ]\[aupei tins’ ‘‘ least action’’ by Hamilton, and 
the Liter developments and a])plieations of the Hamiltonian principle by 
other authois arc desciibcd by Gayloy so suggestively that the reading of 
thousands of ipaaito pages of papcis scattered through the Transactions of the 
vaiioiis learned [Societies of Euiopo is leiiderod suiiorlluoiis for any one who 
desiie^j only the essence of these investigations, with no more of detail than is 
neeessaiy for a thorough and practical understanding of the subject. 

KSabinc’s Uepoit of i(S38 concludes with the following sentence . — “ Viewed 
“ in itself and its vaiious relations, the magnetism of the earth cannot 
“ bo counted less than one of the most important branches of the physical 
history of the jilanct wo inhabit; and we may feel quite assured that the 
“ completion of our knowledge of its distiibution on the surface of the earth 

* Eeport on tlio Eecent Progress of Theoretical D^nauiics, by A. Cayley (Ileport of the 
British Association IH.H, p 1). 

I Report on the Variations of the Magnetic Intensity observed at different points of tho 
Barth’s Surface, by Major Sab'iie, F.R.S. (forming part of the 7th Ileport of the Butish 
Association). 
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wolild be regarded by our contemporaries and by posterity as a fitting 

enterprise of a maritime people, and a worthy achievement of a nation 
** which has ever sought to rank foremost in every arduous and honourable 

undertaking.” An immediate result of this lleport was that the enteiprise 
which it proposed was recommended to the Government by a joint Committee 
of the British Association and the Iloyal Society with such success, that 
Capt. James Ross was sent in command of the ‘Erebus’ and ‘Terror’ to 
make a magnetic survey of the Antarctic regions, and to plant on his way 
threo Magnetical and Meteorological Observatories, at St. Helena, the Cape, 
and Yan Diemen’s Land. A vast mass of precious observations, made 
chiefly on board ship, were brought homo from this expedition. To deduce 
the desired results from them, it was necessary to eliminate the disturbance 
produced by the ship’s magnetism ; and Sabine asked his friend Archibald 
Smith to work out from Poisson’s mathematical theory, then the only avail- 
able guide, the formula) required for the purpose. This voluntary task 
Smith executed skilfully and successfully. It was the beginning of a series 
of labours carried on with most remarkable practical tact, with thorough 
analytical skill, and with a rare extreme of disinterestedness, in the intervals 
of an arduous profession, for the purpose of perfecting and simplifying the 
correction of the mariner’s compass — a problem which had become one of 
vital importance for navigation, on account of the introduction of iron ships. 
Edition after edition of the ‘ Admiralty Compass Manual ’ has been pro- 
duced by the able superintendent of the Compass Department, Captain 
Evans, containing chapters of mathematical investigation and formula) by 
Smith, on which depend wholly the practical analysis of compass-obser- 
vations, and rules for the safe use of the compass in navigation. I firmly 
believe that it is to the thoroughly scientific method thus adopted by the 
Admiralty, that no iron ship of Her Majesty’s Navy has ever been lost 
through errors of the compass. The ‘British Admiralty Compass Manual’ 
is adopted as a guide by all the navies of the world. It has been translated 
into Russian, German, and Portuguese ; and it is at present being translated 
into Erench. Tlie British Association may bo gratified to know that the 
possibility of navigating ironclad war-ships with safety depends on applica- 
tion of scientific principles given to the world by three mathematicians, 
Poisson, Airy, and Archibald 8mith. 

Returning to the science of terrestrial magnetism, we find in the Reports 
of early years of the British Association ample evidence of its diligent culti- 
vation. Many of the chief scientific men of the day from England, Scotland, 
and Ireland found a strong attraction to the Association in the facilities which 
it afforded to them for cooperating in their work on this subject. Lloyd, Phillips, 
Eox, Ross, and Sabine made magnetic observations all over Groat Britain; 
and their results, collected by Sabine, gave for the first time an accurate and 
complete survey of terrestrial magnetism over the area of this island. I am 
informed by Professor Phillips that, in the beginning of the Association, Hcr- 
schel, though a “ sincere well-wisher,” felt doubts as to the general utility and 
probable success of the plan and purpose proposed ; but his zeal for terrestrial 
magnetism brought him from being merely a sincere well-wisher to join actively 
and cordially m the work of the Association. “ In 1838 he began to give cffec- 
“ tual aid in the great question of magnetical Observatories, and was indeed 
“ foremost among the supporters of that which is really Sabine’s great work. 
“At intervals, until about 1858, Hcrschol continued to give effectual aid.” 
Sabine has carried on his great work without intermission to the present 
day ; thirty years ago ho gave to Gauss a large part of the data required 
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for working out the spherical harmonic analysis of terrestrial magnetism over 
the whole earth. A recalculation of the harmonic analysis for the altered 
state of terrestrial magnetism of the present time has been undertaken by 
Adams. Ho writes to me that he has “ already begun some of the introduo- 
“ tory work, so as to be ready when Sir Edward Sabine’s Tables of the values 

of the Magnetic Elements deduced from observation are completed, at once 
“ to make use of them,” and that he intends to take into account terms of 
at least one order beyond those included by Gauss. The form in which 
the requisite data are to be presented to him is a magnetic Chart of the 
whole surface of the globe. Materials from scientific travellers of all 
nations, from our homo magnetic observatories, from the magnetic obser- 
vatories of St. Ileleua, the Cajic, Van Diemen’s Land, and Toronto, and 
from the scientific observatories of other countries have been brought to- 
gether by Sabine. Silently, day after day, night after night, for a quarter 
of a century ho has toiled with one constant assistant always by his side 
to reduce these observations and prepare for the great work. At this moment, 
while we are here assembled, I believe that, in their quiet summer retirement 
in Wales, Sir Edward and Lady Sabine are at work on the magnetic Chart 
of the world. If two years of life and health are granted to them, science 
will be provided with a key which must powerfully conduce to the ultimate 
opening up of one of the most refractory enigmas of cosmical physics, the 
cause of terrestrial magnetism. 

To give any sketch, however slight, of scientific investigation performed 
during the past year would, even if I were competent for the task, far ex- 
ceed the limits within which I am confined on the present occasion. A 
detailed account of woik done and knowledge gamed in science Britain 
ought to have c\ cry year. The Journal of the Chemical Society and the 
Zoological llecord do excellent service by giving abstracts of all papers 
published in their departments. The admirable example afforded by the 
German “Eortschritto” and “Jahresbciicht” is before us; but hitherto, so far 
as I know, no attempt has been made to follow it in Britain. It is true that 
several of the annual volumes of the Jahresbcricht were translated; but a 
translation, published necessaiily at a considerable interval of time after the 
original, cannot supply tlic want. An independent Brilihli publication is for 
many oliMous reasons desirable. The two publications, m German and 
English, uould, both by their dihcrenees and by tlicir agreements, illustrate 
the progrc'ss of science more correctly and usefully than any single work 
could do, even if appearing simultaneously in the f.wo languages. It seems 
to me that to promote the establishment of a British Year Book of Science is 
an object to which the poweiful action of the British Association would bo 
thoroughly appropriate. 

In referring to leccnt advances in several branches of science, I simply 
choose some of those whicli have struck me as most notable. 

Accurate and minute measurement seems to the non-scicntific imagination 
a less lofty and dignified work than looking for something new. Jlut nearly 
all the grandest discoveries of science have been but the rev^^ards of accurate 
measurement and patient long-continued labour in the minute sifting of 
numerical results. The popular idea of Newton’s grandest discovery is that 
the theory of gravitation flashed into his mind, and so the discovery was 
made. It was by a long train of mathematical calculation, founded on 
results accumulated through prodigious toil of practical astronomers, that 
Newton first demonstrated the forces urging the planets towards the Sun, 
determined the magnitudes of those forces, and discovered that a force fol- 
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lowing the same law of variation with distance urges the Moon towards the 
Earth. Then first, we may suppose, came to him the idea of the universality of 
gravitation ; but when he attempted to compare the magnitude of the foice on the 
Moon •with the magnitude of the force of gravitation of a heavy body of equal 
mass at the earth’s surface, he did not find the agreement which the law he 
was discovering required. Not for years after would he jiublish his discovery 
as made. It is recounted that, being present at a meeting of the Royal Society, 
he heard a paper read, describing geodesic measurement by Picard which 
led to a serious correction of the previously accepted estimate of the Earth’s 
radius. This was what Newton required. He went home with the result, 
and commenced his calculations, but felt so inucli agitated that he handed 
over the arithmetical work to a friend : then (and not wlien, sitting in a 
garden, he saw an apple fall) did he ascertain that gravitation keeps the Moon 
in her orbit. 

Faraday’s discovery of specific inductive capacity, which inaugui’atcd the 
new philosophy, tending to discard action at a distance, was the result of 
minute and accurate measurement of electric foices. 

Joule’s discovery of thermo-dynamic law throiigli the regions of electro- 
chemistry, electro-magnetism, and elasticity of gases "w as liased on a delicacy 
of thermometry •^^hich seemed simply impossible to some of the most dis- 
tinguished chemists of the day. 

Andrews’ discovery of the continuity between the gaseous and liquid states 
was worked out by many years of laborious and minute mcasuicmcnt of phe- 
nomena scarcely sensible to the naked eye. 

Great service has been done to science by the British Association in jiro- 
moting accurate measurement in various subjects. The oiigin of exact 
science in teriestrial magnetism is tiaceablo to Gauss’ imention of methods 
of finding the magnetic intensity in absolute mcasuic I liave spoken of 
the great Avork clone by the Ihitmh Association in cariMiig out the ap- 
plication of this invention in all paits of the woild. Gauss’ colleague in 
the German Magnetic Union, 'Weber, extended tlic pr.ictice of absolute 
measurement to electric currents, the resistance of an electric conductor, 
and the clcctroinoti\c force of a galvanic (hment He sliowed the leLi- 
tion between electrostatic and electromagnetic units for absolute mea- 
surement, and made the beautiful discovery that ic-istance, in absolute cdec- 
tromagnetic measure, and the reciprocal of resistance, or, as A\e call it, con- 
ducting power,” in electrostatic measure, are each of them a -velocity. lie 
made an elaborate and difiiciilt scru's of expeiiments to measure the velocity 
which is equal to the conducting power, in clectiostatic measure, and at the 
same time to the resistance in electromagnetic measuie, in one and the same 
conductor. Maxwell, in making the first advance alojig a load of which 
Faraday was the pioneer, discovered that this velocity is plysically related to 
the velocity of light, and that, on a certain hypothesis n'gaidiiig the clastic 
medium concerned, it may be exactly equal to the velocity of liglit. Weber’s 
measurement verifies approximately this equality, and stands in science 
monumentum mre perennius, celebrated as having suggested this most grand 
theory, and as having afforded the first quantitative test of tlie recondite 
properties of matter on which the relations between elect iicity and light 
depend. A remeasurement of Weber’s critical velocity on a new plan by ]\f ax- 
well himself, and the important correction of the \ elocity of light by Fou- 
cault’s laboratory experiments, verified by astronomical observation, seem to 
show a still closer agreement. The most accurate possible determination of 
Weber’s critical velocity is just noAv a primaiy object of the Association’s 



ADDRESS. 


XClll 


Conimittco on Electric Measurement ; and it is at present premature to specu- 
late as to the closeness of the agreement between that velocity and the 
velocity of light. This leads me to remark how much science, even in its 
most lofty speculations, gains in return for benefits conferred by its applica- 
tion to promote the social and material welfare of man. Those who perilled 
and lost their money in the original Atlantic Telegraph were impelled and 
supported by a sense of the grandeur of their enterprise, and of the world- 
wide benefits which must flow from its success ; they were at the same time 
not unmoved by the beauty of the scientific problem directly presented to 
them ; but they little thought that it was to be immediately, through their 
work, that the scientific world was to be instructed in a long-ncglectcd and 
discredited fundamental electric discovery of Eaiaday’s, or that, again, when 
the assistance of tlic British Association was invoked to supply their elec- 
tricians witli methods for absolute measuicment (which they found necessary 
to secure the best economical return for their cxjienditure, and to obviate 
and detect those faults in their electric material which had led to disaster), 
they were laying the foundation for accurate electiic measurement in every 
scientific laboratory in the world, and miliating a train of investigation which 
now sends up branches into tlic loftiest regions and subtlest ether of natural 
Iihilosopliy. Long may the liiitisli Association continue a bond of union, 
and a medium for the interchange of good offices between science and the 
world ! 

The greatest achievement yet made in molecular theory of the proper- 
ties of matter is the Kinetic theory of Gases, shadowed foith by Lucretius, 
definitely stated by Laiiiel Bernoulli, largely developed by Ilcrapath, made 
a reality by Joule, and worked out to its piesent advanced state by Clausius 
and Miixwell. Joule, from his dynamical equivalent of heat., and liis expe- 
iiinents u])on the heat produced by the condensation of gas, was able to 
estimate the average velocity of the ultimate molecules or atoms composing 
it Ills estimate for hydiogen was 0225 feet per second at temperature 00° 
Eahr , and 0055 feet per second at the fieezing-point. Clausius took fully 
into account the impacts of molecule's on one another, and the kinetic energy 
of rddtive motions of the matter constituting an indmdual atom. He in- 
vestigated the 1 elation behveen their diamctcis, the iiumher in a given 
space, and the mean length of path fiom impact to impact, and so gave the 
foundation for estimates of the absolute dimensions of atoms, to which I shall 
refer later, lie explained the slonncss of gaseous difiiision by the mutual 
impacts of the atoms, and laid a secuic foundation for a comiilete theory of 
the diffusion of fluids, previously a most refractory enigma. The deeply 
penctiating genius of Maxwell brought in vascosity and thcimal conductivity, 
and thus completed the dynamical explanation of all the known properties 
of gases, except their electiic resistance and brittleness to electric force. 

Ko such comprehensive molecular tlieoiy had ever been even imagined 
hefoie the nineteenth centuiy. Hefinite and complete in its area as it 
is, it IS but a well-drawn part of a great chart, in which all physical 
science will bo represented with every property of matter shown in dyna- 
mical relation to the whole. The prospect we now have of an early 
completion of this chart is based on the assumption of atoms. But there 
can be no permanent satisfaction to the mind in explaining heat, light, elas- 
ticity, diftusion, electricity and magnetism, in gases, liquids, and solids, and 
d( scribing precisely the relations of these different states of matter to one 
another by statistics of great numbers of atoms, when the properties of the 
atom itself are simply assumed. When the theory, of which we have the first 
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instalment in Clausius and Maxwell’s work, is complete, we are but brought 
face to face with a superlatively grand question, what is the inner me- 
chanism of the atom ? 

In the answer to this question we must find the explanation not only 
of the atomic elasticity, by which the atom is a chronometric vibrator ac- 
cording to Stokes’s discovery, but of chemical affinity and of the differences 
of quality of different chemical elements, at present a mere mystery in 
science. Helmholtz’s exquisite theory of vortex-motion in an incompressible 
frictionless liquid has been suggested as a finger-post, pointing a way 
which may possibly lead to a full understanding of the properties of atoms, 
carrying out the grand conception of Lucretius, who “ admits no subtle 
“ ethers, no variety of elements with fiery, or watery, or light, or heavy 
“ principles ; nor supposes light to bo one thing, fire another, electricity a 
“ fluid, magnetism a vital principle, but treats all phenomena as mere pro- 
“ perties or accidents of simple matter.” This statement I take from 
an admirable paper on the atomic theory of Lucretius, which appeared in 
the ‘ North British Eeview ’ for March 18G8, containing a most interesting 
and instructive summary of ancient and modern doctrine regarding atoms. 
Allow me to read from that article one other short passage finely describing 
the present aspect of atomic theory . — “ The existence of the chemical 
“ atom, already quite a complex little world, seems very probable ; and 
“ the description of the Lucrctian atom is wonderfully applicable to it. We 
are not wholly without hope that the real weight of each such atom may 
“ some day bo known — not merely the relative weight of the several atoms, 
“ but the number in a given volume of any material ; that the form and 
“ motion of the parts of each atom and tlio distances by which they are 
separated may be calculated ; that the motions by which they produce heat, 
“ electricity, and light maybe illustrated by exact geometrical diagrams , and 
“ that the fundamental properties of the intermediate and possibly constituent 
“ medium may be arrived at. Then the motion of planets and music of tlio 
spheres will be neglected for a while in admiration of the maze in which 
** the tiny atoms run.” 

Even before this was written some of the anticipated results had been par- 
tially attained. Loschmidt in Vienna had shown, and not much latter Stoney 
independently in England showed, how to deduce from Clausius and Max- 
well’s kinetic theory of gases a superior limit to tlie number of atoms in a 
given measurable space. I was unfortunately quite unaware of what Loschmidt 
and Stoney had done when I made a similar estimate on the same founda- 
tion, and communicated it to ‘Nature’ in an article on “The Size of 
Atoms.” But questions of personal priority, however interesting they may bo 
to the persons concerned, sink into insignificance in the prospect of any gain 
of deeper insight into the secrets of nature. The triple coincidence of inde- 
pendent reasoning in this case is valuable as confirmation of a conclusion 
violently contravening ideas and opinions which had been almost universally 
held regarding the dimensions of tho molecular structure of matter. Che- 
mists and other naturalists had been in tho habit of evading questions as to 
the hardness or indivisibihty of atoms by virtually assuming them to bo in- 
finitely small and infinitely numerous. Wo must now no longer look upon 
the atom, with Boscovich, as a mystic point endowed with inertia and tho 
attnbute of attracting or rcpclhng other such centres with forces depending 
upon tho intervening distances (a supposition only tolerated with tho tacit 
assumption that the inertia and attraction of each atom is infinitely small and 
the number of atoms infinitely great), nor can we agree with those who have 
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attributed to the atom occupation of space with infinite hardness and strength 
(incredible in any finite body) ; but we must realize it as a piece of matter 
of measurable dimensions, with shape, motion, and laws of action, inteUigiblo 
subjects of scientific investigation. 

Tho prismatic analysis of light discovered by Kewton was estimated by 
himself as being the oddest, if not tho most considerable, detection which 
“ hath hitherto been made in the operations of nature.” 

Had ho not been deflected from the subj'ect, he could not have failed 
to obtain a pure spectrum ; but this, with the inevitably conscipicnt 
discovery of ^hc dark lines, was reserved for the nineteenth century. 
Our fundamental knowledge of the dark lines is due solely to Fraun- 
hofer. Wollaston saw them, but did not discover them. Brewster laboured 
long and well to perfect tho prismatic analysis of sunlight; and his observa- 
tions on tho dark blinds produced by the absorption of interposed gases and 
vapours laid important foundations for the grand superstructure which ho 
scarcely lived to sec. Piaz/i Smjdh, by spectroscopic observation pci formed 
on tho Peak of Tencnffc, added greatly to our knowledge of the dark lines 
produced in tho solar spectrum by the absorption of our own atmosphere. 
The prism became an instrument for chemical qualitative analysis in tho 
hands of Fox Talbot and Herschel, who first showed how, through it, the 
old “ blowpipe test ” or generally the estimation of substances from the 
colours which they give to flames, can be prosecuted with an accuracy 
and a discriminating power not to be attained when the colour is judged 
by the unaided eye. But the application of this test to solar and stellar 
chemistry had never, I believe, been suggested, either directly or indirectly, 
by any other naturalist, when Stokes taught it to me in Cambndge at some 
time prior to the summer of 1852. The observational and experimental 
foundations on which he built were : — 

(1) The discovery by Fraunhofer of a coincidence between his double dark 
line I) of the solar spectrum and a double blight line which he observed in 
the spectra of ordinary artificial flames. 

(2) A very rigorous experimental test of this coincidence by Prof. W. H. 
Miller, which showed it to be accurate to an astonishing degree of minuteness. 

(3) Tho fact that the yellow light given out when salt is thrown on burning 
spiiit consists almost solely of the two nearly identical qualities which con- 
stitute that double bright line. 

(4) Observations made by Stokes himself, which showed the bright lino D 
to be absent in a candlo-flamo when tho wick was snuffed clean, so as not to 
project into the luminous envelope, and from an alcohol flame when the spirit 
was burned in a watch-glass. And 

(5) Foucault’s admirable discovery (L’lnstitut, Feb. 7, 1849) that tho 
voltaic arc between charcoal points is “ a medium which emits the rays D 
“ on its own account, and at the same time absorbs them when they come 
“ from another quarter.” 

Tho conclusions, theoretical and practical, which Stokes taught me, and 
which I gave regulaily afterwards in my public lectures in the llniverbity of 
Glasgow, were . — 

(1) That the double lino D, whether bright or dark, is due to vapour of 
sodium. 

(2) That the ultimate atom of sodium is susceptible of regular elastic vi- 
brations, like those of a tuning-fork or of stringed musical instruments ; that 
like an instrument with two strings tuned to approximate unison, or an ap- 
proximately circular clastic disk, it has two fundamental notes or vibrations 
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of approximately equal pitch ; and that tho periods of these vibrations are 
precisely the periods of tho two slightly different yellow lights constituting 
the double bright line D. 

(3) That when vapour of sodium is at a high enough temperature to be- 
come itself a source of light, each atom executes these two fundamental 
vibrations simultaneously ; and that therefore the light proceeding from it is 
of tlie two qualities constituting the double bright line D. 

(4) That when vapour of sodium is present m space across which light 
from another source is propagated, its atoms, according to a well-known 
general principle of dynamics, are set to vibrate in cither or both of those 
hindamental modes, if some of the incident light is of one or other of their 
periods, or some of one and some of the other; so that the cncigy of the 
waves of those particular qualities of light is converted into thcimal vibra- 
tions of the medium and dispersed in all directions, while light of all other 
qualities, even though very nearly agreeing uith them, is transmitted with 
comparatively no loss. 

(5) That Traunhofer’s double dark line D of solar and stellar spectra is duo 
to the presence of vapour of sodium in atmospheres surrounding the sun 
and those stars in whose spectra it had been obseived. 

(0) That other vapours than sodium aic to be found in tho atmospheres 
of sun and stais by scaiching for substances inoducing in the spectra of 
artificial flames bright lines coinciding with other daik hues of the solar 
and stellar spectra than the Praunliofer line D. 

Tho last of these propositions I felt to bo confirmed (it was pci haps 
partly suggested) by a sti iking and beautiful experiment admirably adapted 
for lecture illustiations, due to Foucault, which had been shown to me b}'' 
jM. Dubosequo Soleil, and the Abbe Moigno, in Tans in the month of 
October 1850. A piism and lenses were ai ranged to throw upon a screen 
an approximately pure spectium of a vertical clectiic arc between charcoal 
poles of a powerful battery, the lower one of which was hollowed like a cup. 
AYhen pieces of copper and pieces of zinc were separately thrown into the 
cup, the spectrum exhibited, in pcifectly definite positions, magnificent 'well- 
maiked bands of different colouis characteiistic of the two metals. When 
a piece of brass, compounded of copper and zinc, was put into the cup, 
the spectrum showed all the bands, each precisely in the place in which 
it had been seen wdicn one metal or the otliei had been used seiiar.itely. 

It is much to be regretted that this gicat generalization wnas not pub- 
lished to the wmrld twenty yiairs ago. I say this, not because it is to he 

O 

regretted that Angstiom should have the credit of having in 1853 pub- 
lished independently tho statement that “ an incandescent gas emits lumi- 

nous rays of tho same rcfrangibility as those which it can absorb ’’ ; or that 
Balfour Stewart should have been unassisted by it wdien, coming to the 
subject from a very different point of viewg he made, in Ins extension of the 
“Theory of Exchanges”*, the still wdder generalization that the radiating 
power of every kind of substanec is cqinil to its absorbing powmr for every 
kind of ray ; or that Kirchhoff also should have in 1850 independently dis- 
covered the same proposition, and showui its application to solar and stellar 
chemistry ; but because we might now bo in iiosscssion of the inconceivable 
riches of astronomical results which we expect from tho next ten years’ 
investigation by spectrum analysis, had 8tokcs given his thcoiy to tho 
world when it first occurred to him. 

To Kirchhoff belongs, I believe, solely tho great credit of having first 

* Edin. Transactions, 1858-50. 
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actually sought for and found other metals than sodium in tho sun by tho 
method of spectrum analysis. His publication of October 1859 inauguiatcd 
tho practice of solar and stellar chemistry, and gave spectrum analysis an 
impulse to which in a great measure is due its splendidly successful cultivation 
by the labours of many able investigators within the last ten years. 

O 

To prodigious and wearing toil of Kirchhoff liimself, and of Angstrom, wo 
owe large-scale maps of the solar spectrum, incomparably superior in minute- 
ness and accuracy of delineation to any thing ever attempted previously. These 
maps now constitute tho standards of reference for all workers in the field, 
riuckcr and llittoif opened ground m advancing tho pliysics of spectrum 
analysis and made the important discovery of changes in the spectra of 
ignited gases produced by changes in tho physical condition of the gas. The 
scientific value of tho meetings of the British Association is well illustrated 
by the fact that it was through conversation with Plucker at the Newcastle 
meeting that Lockycr was fir.^t led into the investigation of the effects of varied 
pressure on the quality of the light emitted by glowing gas which he and 
Frankland have jirosccuted with such admirable success. Scientific wealth 
tends to accumulation according to tlie law of compound interest. Every addi- 
tion to knowledge of properties of matter supplies the naturalist with new 
instrumental means for discovering and intei preting phenomena of nature, 
which in their turn afford foundations for fresh generalizations, bringing 
gains of permanent value into the gieat stoiehoiise of jihilosophy. Thus 
Frankland, led, from observing the want of brightness of a candle burning in 
a tent on tlio summit of I^loiit Blanc, to sciutmi/e Davy’s theory of flame, 
discovered that biightiiess vitliout incandescent solid particles is given to a 
purely gaseous fianie by augmented pressiiic, and that a dense ignited gas 
gives a spcctium comparable with that of the light from an incandescent solid 
or liipiid. Jjockyer joined him , and the two found that every incandescent 
substance gives a continuous spectrum — that an incandescent gas 'under 
varied pressure gives bright bar.-? across the continuous spectrum, some of 
which, from tho shaiqi, haul and f.ist lines obscr\cd where the gas is in a 
state of extieme attenuation, broaden out on each side into nebulous bands 
as the density is increased, and are ultimately lost in tlie continuous spec- 
trum when the condensation is pushed on till tho gas becomes a fluid no 
longer to be called gaseous. More recently tlic} have examined the influence 
of temperature, and have obtained icsults which seem to show that a highly 
attenuated gas, winch at a high temperatuic gives several bright lines, gives 
a smaller and smaller number of lines, of sufiicieiit brightness to be visible, 
when tlie temperature is lowered, the density being kept unchanged. I cannot 
refrain hero from remarking how admiiably this beautiful investigation har- 
monizes with Andiews’ great discoveiy of contmuity between the gaseous 
and liquid states. Such things make the life-blood of science. In contem- 
plating them we feel as if led out from narrow waters of scholastic dogma to 
a roficshing excursion on the broad and deep ocean of truth, whcie we learn 
from the wonders we see that there arc endlessly more and more glorious 
wonders still unseen. 

Stokes’ dynamical theory supplies tho key to the philosophy of Frank- 
land and Lockyer’s discovery. Any atom of gas when struck and left to 
itself vibrates vith perfect purity its fundamental note or notes. In a 
highly attenuated gas each atom is very rarely in collision AMth other 
atoms, and therefore is nearly at all times in a state of true vibration. 
Hence the spectrum of a highly attenuated gas consists of one or more 
perfectly sharp bright lines, with a scarcely perceptible continuous gradation 
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of prismatic colour. In denser gas each atom is frequently in collision, but 
still is for much more time free, iu intervals between collisions, than engaged 
in collision ; so that not only is the atom itself thrown sensibly out of tune 
during a sensible proportion of its whole time, but the confused jangle of 
vibrations in every variety of period during the actual collision becomes more 
considerable in its influence. Hence bright lines in the spectrum broaden 
out somewhat, and the continuous spectrum becomes less faint. In still 
denser gas each atom may be almost as much time in collision as free, and 
the spectrum then consists of broad nebulous bands crossing a continuous 
spectrum of considerable brightness. When the medium is so dense that 
each atom is always in collision, that is to say never free from influence of 
its neighbours, the spectrum will generally be continuous, and may present 
little or no appearance of bands, or even of maxima of brightness. In this 
condition the fluid can be no longer regarded as a gas, and we must judge 
of its relation to the vaporous or liquid states according to the critical 
conditions discovered by Andrews. 

While these great investigations of propel tics of matter were going on, 
naturalists were not idle with the newly recognized power of the spectro- 
scope at their service. Chemists soon followed the example of Bunsen 
in discovering new metals in terrestrial matter by the old blow-pipe and 
pnsm test of Fox Talbot and Herschel. Biologists applied spectrum analysis 
to animal and vegetable chemistry, and to sanitary investigations. But 
it is in astronomy that spectroscopic research has been earned on with 
the greatest activity, and been most richly rewarded with results. The 
chemist and the astronomer have joined their forces. An astronomical ob- 
servatory has now, appended to it, a stock of reagents such as hitherto was 
only to be found in the chemical laboratory. A devoted corps of volunteers 
of all nations, whose motto might well be uhicjne, have directed their artil- 
lery to. every region of the universe. The sun, the spots on his surface, 
the corona and the red and yellow prominences seen round him during 
total eclipses, the moon, the planets, comets, auroras, nebula), white 
stars, yellow stars, red stars, variable and temporary stars, each tested by the 
prism was compelled to show its distinguishing colours. Barely before in 
the history of science has enthusiastic perseverance directed by penetra- 
tive genius produced within ten years so brilliant a succession of dis- 
coveries. It IS not merely the chemistry of sun and stars, as first sug- 
gested, that is subjected to analysis by the spectroscope. Their whole laws 
of being are now subjects of direct investigation; and already we have 
glimpses of their evolutional history through the stupendous power of this 
most subtle and delicate test. We had only solar and stellar chemistry; 
we now have solar and stellar physiology. 

It is an old idea that the colour of a star may be influenced by its motion 
relatively to the eye of the spectator, so as to be tinged with red if it moves 
from the earth, or blue if it moves towards the earth. William Allen Miller, 
Huggins, and Maxwell showed how, by aid of the spectroscope, this idea may 
be made the foundation of a method of measuring the relative velocity with 
which a star approaches to or recedes from the earth. The principle is, first to 
identify, if possible, one or more of the lines in the spectrum of the star,, with a 
line or lines in the spectrum of sodium, or some other terrestrial substance, 
and then (by observing the star and the artificial light simultaneously by 
the same spectroscope) to find the difference, if any, between their refran- 
gibilities. From this difference of refrangibility the ratio of the periods of 
the two lights is calculated, according to data determined by Fraunhofer from 



ADDRESS. 


XCIX 


comparisons between the positions of the dark lines in the prismatic spectrum 
and in his own “ interference spectrum ” (produced by substituting for the 
prism a fine grating). A first comparatively rough application of the test by 
Miller and Huggins to a large number of the principal stars of our skies, 
including Aldcbaran, a Orionis, /3 Pegasi, Sinus, a Lyra), Capella, Arcturus, 
Pollux, Castor (which they had observed rather for the chemical purpose than 
for this), proved that not one of them had so great a velocity as 315 kilometres 
per second to or from the earth, which is a 7nost momentous result in respect 
to cosmical difnamics. Afterwards Huggins made special observations of 
the velocity test, and succeeded in making the measurement in one case, 
that of Sinus, which he then found to bo receding from the earth at the rate 
of 60 kilometres per second. This, corrected for the velocity of the earth at 
the time of the observation, gave a velocity of Sinus, relatively to the Sun, 
amounting to 47 kilometres per second. The minuteness of the difference to 
be measured, and the smallness of the amount of light, even when the brightest 
star is observed, renders the observation extremely difficult. Still, with 
such great skill as Mr. Huggins has brought to bear on the investigation, 
it can scarcely be doubted that velocities of many other stars may bo 
measured. What is now wanted is, certainly not greater skill, perhaps not 
even more powerful instruments, but more instruments and more observers, 
Lockyer’s applications of the velocity test to the relative motions of different 
gases in the Sun’s photosphere, spots, chromosphere, and chromospheric pro- 
minences, and his observations of the varying spectra presented by the same 
substance as it moves from one position to another in the Sun’s atmosphere, 
and his interpretations of these observations, according to the laboratory 
results of Frankland and himself, go far towards confirming the conviction 
that in a few years all the marvels of the Sun will be dynamically explained 
according to known properties of matter. 

During six or eight precious minutes of time, spectroscopes have been ap- 
plied to the solar atmosphere and to the corona seen round the dark disk of 
the Moon eclipsing the Sun. Some of the wonderful results of such obser- 
vations, made in India on the occasion of the eclipse of August 1868, were 
described by Professor Stokes in a previous address. Valuable results have, 
through the liberal assistance given by the British and American Govern- 
ments, been obtained also from the total eclipse of last December, notwith- 
standing a generally unfavourable condition of weather. It seems to have 
been proved that at least some sensible part of the light of the “corona” is a 
terrestrial atmospheric halo or dispersive reflection of the light of the glow- 
ing hydrogen and “ helium ” * round the sun. I believe I may say, on the 
present occasion when preparation must again be made to utilize a total 
eclipse of the Sun, that the British Association confidently trusts to our 
Government exercising the same wise liberality as heretofore in the interests 
of science. 

The old nebular hypothesis supposes the solar system, and other similar 
systems through the universe which we see at a distance as stars, to have 
originated in the condensation of fiery nebulous matter. This hypothesis 
was invented before the discovery of thermo-dynamics, or the ncbiihe ivould 
not have been supposed to be fiery ; and the idea seems never to have 
occurred to any of its inventors or early supporters that the matter, the con- 
densation of which they supposed to constitute the Sun and stars, could have 

* Franklnncl and Lockyer find the yellow prominences to give a very decided bright line 
,not lar from D, but hitherto not identified with any terrestrial flame. It seems to indicate 
a new substance, which they propose to call Helium. 
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been other than fiery in the beginning. Mayer first suggested that the heat 
of the Sun may be due to gravitation : but he supposed meteors falling in 
to keej) always generating the heat which is radiated year by year from the 
Sun. Helmholtz, on the other hand, adopting the nebular hypothesis, showed 
in 1854 that it was not necessary to suppose the nebulous matter to have 
been originally fiery, but that mutual gravitation between its parts may 
have generated the heat to which the present high temperature of the 8un is 
due. Further he made the important observations that the potential energy 
of gravitation in the Sun is even now far from exhausted ; but that with 
further and further shrinking more and more heat is to be generated, and 
that thus wc can conceive the Sun even now to possess a sutficient store of 
energy to produce heat and light, almost as at present, for several million 
years of time future. It ought, however, to be added that this condensation 
can only follow from cooling, and therefore that Helmholtz’s gravitational 
explanation of future Sun-heat amounts really to showing that the Sun’s 
thermal capacity is enormously greater, in Mrtue of the mutual gravitation 
between the jiarts of so enoimous a mass, than the sum of the tliermal capa- 
cities of separate and smaller bodies of tlie same mateiial and same total 
mass. Ileasons for adopting this tlicory, and the conscipicnces which follow 
from it, aic discussed in an article “ On the Age of the Sun’s Heat,” published 
in ‘ Macmillan’s Magazine ’ for March 1 8()lJ. 

For a few years Mayer’s tlieory of solar heat had seemed to me probable ; 
but I had been led to legaid it as no longer tenable, because I had been in 
the first place diiven, by coiisideiation of the very approximate constancy of 
the Earth’s period of revolution round the Sun for the last t^OOO years, to 
conclude that “The principal souice, perhaps the sole appreciably effective 
“ source of Suii-heat, is in bodies ciiculating round the Sun at ])reseut inside 
“ the Earth’s orbit”* , and because Lc Verrier’s researches on the motion of 
the planet Mercury, though giving evidence of a sensible mlliience attiibutable 
to matter circulating as a gieat number of small planets within liis orbit 
round the Sun, showed that the amount of matter that could jiossibly be as- 
sumed to circulate at any considerable distance from the Sun must be very 
small ; and therefore “ if the meteoric inllux taking plac‘c at present is 
“ enough to produce any appreciable portion of the* heat ladiated away, it 
“ must be supposed to be from matter circulating round the Sun, within ^ely 
“ short distances of his surface. The density of tins meteoric cloud would 
“ have to be supposed so great that comets could scarcely have escaped as 
“ comets actually have escaped, showing no discoverable eftects of resistance, 

“ after passing liis siu’face ^vltllln a distance equal to one-eighth of his radius. 

“ All things considered, there seems little probability in the liyjiotliesis that 
“ solar radiation is compensated to any appreciable degree, by heat generated 
“ by meteors falling in, at present; and, as it can be shown that no chemical 
“ theory is tcnablef, it must be concluded as most probable that the Sun is 
“ at present mere an incandescent liquid mass cooling ”J. 

Thus on purely astronomical grounds was I long ago led to abandon as 
vciy improbable the hypothesis that the Sun’s heat is supplied dynamically 
from year to year by the influx of meteors. But now spectrum analysis gives 
proof finally conclusive against it. 

Each meteor circulating round the Sun must fall in along a very gradual 

* “ On the mechanical energies of the Solar System ” Transactions of the Eoyal Society 
of Edinburgh, 1854 , and Phil. Mag. 1854, second half year. 

f “ Mechanical Energies ” &c. 

J “Age of the Sun’s Heat” (Macmillan’s Magazine, March 1802), 
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spiral path, and heforo roacliing the Sun must have boon for a long time 
exposed to an enormous heating eifect from liis radiation wlien very near, 
and must thus have been driven into v.ipour before actually falling into the 
Sun. Thus, if Mayer’s liypotho-iis is correct, friction between vortices of 
meteoric vapours and the Sun’s atmosphere must bo the immediate cause of 
solar heat ; and the velocity with which these vapours circulate round equa~ 
torial parts of the Sun must amount to 435 kilometres per second. The 
spectrum test of velocity applied by Lockyor showed but a twentieth part of 
this amount as the greatest observed relative velocity between different 
vapours in the Sun’s atmosphere. 

At the first Liverpool Meeting of the British Association (1854), in ad- 
vancing a gravitational theory to account for all the heat, light, and motions 
of the universe, I urged that the immediately antecedent condition of the 
matter of which the Sun and Planets were formed, not being fiery, could not 
have been gaseous ; but that it probably was solid, and may have been like 
the meteoric stones which we still so frequently meet with through space. 
The discovery of Huggins, that the light of the nebulae, so far as hitherto 
sensible to us, proceeds from incandescent hydrogen and nitrogen gases, and 
that the heads of comets also give us light of incandescent gas, seems at first 
sight literally to fulfil that part of the nebular hypothesis to which I had 
objected. But a solution, which seems to me in the highest degree probable, 
has been suggested by Tait. He supposes that it may be by ignited gaseous 
exhalations proceeding from the collision of meteoric stones that Nebulae and 
the heads of comets show themselves to us ; and he suggested, at a former 
meeting of the Association, that expciiments should be made for the purpose 
of applying spectrum analysis to the light which has been observed in 
gunnery trials, such as those at Shoeburyness, when iron strikes against iron 
at a great velocity, but varied by substituting for the iron various solid 
materials, metallic or stony. Hitherto this suggestion has not been acted 
upon , but surely it is one the carrying out of which ought to be promoted 
by the British Association. 

Most important steps have been recently made towards the discovery of the 
nature of comets, establishing with nothing short of certainty the truth of a 
hypothesis which had long appeared to me probable, that they consist of groups 
of meteoric stones, accounting satisfactorily for the light of the nucleus, 
and giv'ing a simple and rational explanation of phonoraena presented by 
the tails of comets which had been regarded l)y the greatest astronomers as 
almost preternaiurally marvellous. The meteoric hypothesis to which I have 
referied remained a mere hypothesis (I do not know that it was ever even 
published) until, in ISfiO, Schiaparelli calculated, from observations on the 
August meteors, an orbit for these bodies which he found to agri'C almost 
perfectly with the mbit of the gieat comet of 1802 as calculated by Oppolzer , 
and so disco veied and dcmonstraled that a comet consists of a group of 
meteoric stones. Professor Newton, of Yale Colh'ge, United States, by examin- 
ing ancient records, ascertained that in periods of about thirty-thiee years, 
since the year 902, theie have been exceptionally biilliant displays of the 
November meteors. It had long been believed that these interesting visi- 
tants came from a train of small detached idanets circulating round the Sun 
all in nearly the same orbit, and constituting a belt analogous to Saturn’s 
ring, and that the reason for the compaiativcly large number of meteors 
which we observe annually about the 14th of November is, that at that 
time the earth’s orbit cuts through the supposed meteoric belt. Professor 
Newton concluded from his investigation that there is a denser part of 
1871. 
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the group of meteors which extends over a portion of the orbit so great 
as to occupy about one-tenth or one-fifteenth of the ])oriodic ^time in 
passing any particular point, and gave a choice of five different periods for 
the revolution of this meteoric stream round the sun, any one of which would 
satisfy his statistical result. He further concluded that the line of nodes 
(that 18 to say, the bnc in which the plane of the meteoric belt cuts the plane 
of the Earth’s orbit) has a progressive sidereal motion of about 52"'4 jier 
annum. Here, then, was a splendid problem for the physical astronomer ; 
and, happily, one well qualified for the task, took it up. Adams, by the 
application of a beautiful method invented by Gauss, found that of the five 
periods allowed by Newton just one permitted the motion of the line of nodes 
to be explained by the disturbing mflueiicc of Jupiter, Saturn, and other 
planets. The period chosen on these grounds is years. The inves- 
tigation showed further that the form of the orbit is a long ellipse, giving 
for shortest distance from the Sun 1 1”) million kilometres, and for longest 
distance 2805 million kilometies. Adams also worked out the longitude 
of the perihelion and the inclination of the orbit’s plane to the plane of the 
ecliptic. The orbit which he thus found agreed so closely with that of 
Temple's Comet I. 1800 that he was able to idmitify the comet and the 
meteoric belt^. The same conclusion had been pointed out a few weeks 
earlier by Schiaparelli, from calculations by himself on data supplied by 
direct observations on the meteors, and inde})endently by Peters from calcu- 
lations by Leverner on the sanu' foundation It is theiefoio thoroughly 
established that Temph^'s Comet I. 18()() consists of an elliptic tram of minute 
planets, of which a few thousands or millions fall to the eaith annually about 
the 14th of November, udum wo cioss their track AVo have probably not 
yet passed through the veiy nucleus oi densest pait , but thiiteen times, in 
Octobers and No^embels, from October 13, a d t)()2, to No\ember 14, ISGb 
inclusive (this last time having Ixani coiiectly predicted by Prof Newton), 
we have passed thioiigh a pait of the belt gieatly denser than the average. 
The densest part of the tram, when near enough to us, is visible as the head 
of the comet. This astounding result, taken along with Huggins’s spectro- 
scopic observations on the light of the heads and tails of comets, contirms 
most strikingly Tait’.s theory of comets, to ^\ Inch I have already refei red ; 
according to which the comet, a group of meteoiic stones, is self-luminous 
in its nucleus, on account of collisions among its constituents, while its tail ” 
is merely a poition of the less dense part of the tram illuminated by sunlight, 
and visible or invisible to us accoidmg to circumstances, not onlj of density, 
degree of illumination, and nearness, but also of tactic ariangcment, as of a 
flock of birds or the edge of a cloud of tobacco-smoke ! What prodigious difli- 
culties are to bo explained, you may judge from two or three sentences which 

* Signor Schiaparelli, Director of the Observatory of Milan, who, m a letter dated Slat 
December iStiti, pointed out that the elements of the orbit of the A^rpist Meteors, calcu- 
Lited from t)te observed position of tlieir radiant point on the siijiposition of the orbit 
being a very elongatdl ellipse, agreed very closed with those of tlie orbit of C’ometll 1802, 
calculated by Dr Opjwlzcr In the same letter Rchi.iparelh gives elements of the orbit 
of the November meteors, but tho>o were not sutllciently accurate to enable him to identify 
the orbit with that of any known comet On the 21st January, 18G7, M Leverner gave 
more accurate elements of the orbit of the November Meteois, and in the ‘ Astronomischo 
Nachnehten ’ of .Tannary 9, Mr f F W Peters, of Altona, pointed out that these elements 
closely agreed with thos-e of Templ('’s Ooniet (I 1800), calculated by Dr Oppolzer, and 
on February 2, Scliiaparelli having recalculated the elements of tlio orbit of the meteors, 
himself noticed the same agreement Adams arrived quite independently at the conclusion 
that the orbit of 334 years period is the one which must be cliosen out of the five indi- 
oated by Prof Newton. ITis calculations \verc sufficiently advanced before the letters 



ADDRESS. 


cm 


I shall read from TIorschers Astronomy, and from the fact that even Schiaparelli 
seems still to hclieve in the repulsion. “ There is, beyond question, some 
“ jirofoimd secret and mystery of nature concerned m the phenomenon of 
“ their tails. Perhaps it is not too mucli to hope that future observation, 
“ borrowing every aid fiom lational speculation, grounded on the progress of 
“ physical science generally (especially those branches of it which relate to 
“the ethereal or imponderable elements), may enable us ere long to penetrate 
this mystery, apd to declare whether it is really matter in the ordinary 
acceptation of the term which is projected from their heads with such 
extraordinary velocity, and if not nnj^eUeJ, at least directed, in its course, 
“ by reference to the Sun, as its point of avoidance ” 

“ In no respect is the question as to the materiality of the tail more for- 
cibly pressed on us for consideration than in that of the enormous sweep 
“ which it makes round the sun in pcrdielio in the niaimer of a straight and 
‘‘ iigid rod, in defiance of the law of (jravitation, nay, even, of the receivedloew^ 
of motion 

‘‘ The projection of this ray ... to so enormous a length, in a single day, 
conveys an impression of the intensity of the forces acting to produce such 
a velocity of material transfer tin ough space, such as no other natural phe- 
“ nomenon is capable of ca citing It is clear that if ivehavc to deal here with 
“ matter, such as ive loiiceive it (\i/. possi i>stn(f ineitia), at all, it must be under 
“the dominion of foicc's incomparably moie eneigetic than gravitation, and 
“ (juite of a ditfeient nature ” t. 

Think, nov, of the admirable simplicity vilh ^vlneli Tail’s beautiful “ sea- 
bird analogy,’’ as it has been called, can explain all these phenomena. 

The essence of science, as is well illusiiated by astronomy and 
cosmical pliysics, consists in inferiing antecedent conditions, and an- 
ticipating future evolutions, fiom jdieiiomena Avhich have actually come 
under obseivation. In biology the difliculties of successfully acting up 
to this ideal are piodigious. 'J'he earnest natuialists of the present day 
are, however, not a})pall(‘(l or pai<il}/^('d by them, and < le stiuggling boldly 
and laboriously to ]).i''S out of the meie “ IMatui.d History stage” of 
their study, and biing i'lv.ology AMtliin tlu' lange of Xatiiial I’hilosophy. 
A very ancient &p''cul<ition, still clung to by man} naturalists (so much so 
that I have a choice of modem terms to ([Uote in expiessing it), supposes that, 
under meteorological conditions ceiy different fiom the jiresent, dead matter 
may have run together or crystalli/ed or fciuuiited into “geims of life,” 
or “ organic cells,” or “protoplasm.” Eiit science brings a vast mass of in- 
ductive evidence against this hypothesis of spontaneous generation, as you 
have heard from my predecessor in the Presidential chair. Careful enough 
scrutiny has, in every case up to the present day, disco\ered life as antecedent 
to life. Dead matter cannot become living without c oiniiig under the influ- 
ence of matter jirevioiisly alive. This seems to me a.'' sure a teaching of science 
as the law of gravitation. I utterly repudiate, as ojiposcd to all philosophical 
uniformitarianism, the assumption of “ different meteorological conditions ” — 
ihat IS to say, somewhat diffeieiit \icissitudes of temperature, pressure, 

referred to appeared, to show that the otherfoiir oi bils offered !>} Newton wore inadmissible 
But the calculations to bo gone throngh lo find tbo secular motion of the node in such an 
elongated mbit as that of the meteors were necessarily vciy long, so that they were not 
completed till about March 1807 They were communicated in that month to the 
Cambridge Philosophical Society, and in the month tollowing to the A^'tronomical 
Society. 

* Herschel’s Astronomy, § 509 
t Herschel’s Astronomy. lOth edition, § 580 
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moisture, gaseous atmosphere — to produce or to permit that to take place by 
force or motion of dead matter alone, which is a direct contravention of what 
seems to us biological law. I am prepared for the answer, ‘‘ our code of 
“ biological law is an expression of our ignorance as well as of our know- 
“ ledge.” And I say yes : search for spontaneous generation out of inorganic 
materials ; let any one not satisfied with the purely negative testimony, of 
which we have now so much against it, throw himself into the inquiry. Such 
investigations as those of Pasteur, Pouchet, and Bastian are among the most 
interesting and momentous in the whole range of Natural History, and their 
results, whether positive or negative, must rielily reward the most careful 
and laborious experimenting. I confess to being deeply impressed by tho 
evidence put before us by Professor Huxley, and I am ready to adopt, as an 
article of scientific faith, true through all space and through all time, that 
life proceeds from life, and from nothing hut life. 

How, then, did life originate on the l^lartli ” Tracing the physical history 
of the Earth backwards, on strict dynamical piinciples, we arc brought to a 
red-hot melted globe on which no life could exist. Hence when the Earth 
was first fit for life, there was no living thing on it. Thei c were rocks solid and 
disintegrated, water, air all round, wanned and illuminated by a brilliant 8un, 
ready to become a garden. Did glass and tices and flowcis spiing into exist- 
ence, 111 all the fulness of iipc beauty, by a fiat of C'lcatn e Power‘d or did vege- 
tation, growing up from seed sou n, spi ead and multiply over the v hole Earth ? 
kScience is bound, by the cvci lasting law of honour, to face fearlessly every pro- 
blem which can fairly be presented to it. If a piobablc solution, consistent 
with the ordinary course of natuie, can be found, u e must not invoke an abnor- 
mal act of Cicativc Power. 'When a lava sticam flou s down the sides of Vesu- 
vius or Etna it quickly cools and becomes solid , and after a few weeks or 
years it teems uith vegetable and animal life, whuh for it originated bj^ the 
transpoit of seed and ova and by the migration of individual living creatures. 
'When a volcanic island spiings up fioni the sea, and after a few years is 
found clothed with vegetation, we do not hesitate to assume that seed has 
been wafted to it ihioiigh the air, or floated to it on rafts. Ts it not possible, 
and if possible, is it not probable, that the beginning of vegetable life on tho 
Earth is to be similarly explained Eveiy year thousands, jirobably mil- 
lions, of fragments of solid matter fall upon the Earth — whence came these 
fragments ? What is the previous histoiy of any one of them ? Was it created 
in the beginning of time an amorphous mass ? This idea is so unacceptable 
that, tacitly or explicitly, all men discard it. It is often assumed that all, 
and it is certain that some, meteoric stones arc fragments which had been 
broken off from greater masses and launched free into space. It is as sure 
that collisions must occur between great masses moving through space as it 
is that ships, steered without intelligence directed to prevent collision, could 
not cross and recross the Atlantic for thousands of years with immunity from 
collisions. When two gicat masses come into collision in space it is ceitain 
that a large part of each is melted ; but it seems also quit(' ceitain that in 
many cases a large quantity of debris must be shot forth in all directions,' 
much of which may have cxperKiiccd no greater violence than individual 
pieces of rock experience in a land-slip or in blasting by gunpowder. Should 
the time when this Earth comes into collision with another body, comparable 
in dimensions to itself, be when it is still clothed as at present W'lth vege- 
tation, many great and small fragments cairying seed and living plants and 
animals would nndoubledl}^ be Fcatteicd tbiough space. Hence and because 
we all confidently believe that there are at jjxcscnt, and have been fiom time 
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immemorial, many worlds of life besides our own, we must regard it as pro- 
bable in the highest degree that there are countless seed-bearing meteoric 
stones moving about through space. If at the present instant no life existed 
upon this Earth, one such stone falling upon it might, by what we blindly 
call natural causes, lead to its becoming covered with vegetation. I am fully 
conscious of the many scientific objections which may be urged against this 
hypothesis ; but I believe them to be all answerable. I have already taxed 
your patience too severely to allow mo to think of discussing any of them on 
the present occasion. The hypothesis that life originated on this Earth 
through moss-grown fragments from the rums of another world may seem 
wild and visionary ; all I maintain is that it is not unscientific. 

From the Earth stocked with such vegetation as it could receive meteorically, 
to the Earth teeming with all the endless variety of plants and animals which 
now inhabit it, the step is prodigious ; yet, according to the doctrine of conti- 
nuity, most ably laid before the Association by a predecessor in this Chair 
(Mr. Grove), all creatures now living on caith have proceeded by orderly 
evolution from some such origin. Darwin com hides his great w'Oik on ‘ The 
Origin of Species’ with the following words : — “ It is interesting to contem- 
“ plate an entangled bank clothed w’lth many plants of many kinds, with 
birds singing on the bushes, wnlh various insects flitting about, and with 
worms erawding through the damp eaith, and to reflect that these elabo- 
rately constructed foims, so diffeient fiom each other, and dependent on 
each other in so complex a manner, have all been produced by laws acting 
“ around us ” . . . . “ Theic is gi aiideur in this view of life with its 

“ scveial powers, having been originally breathed by the Creator into a few 
“ forms or into one , and that, whilst this planet has gone cycling on accord- 
ing to the fixed law of gravity, from so simple a beginning endless forms, 
“ most beautiful and most wonderful, have been and are being evolved.” 
With the feeling expressed in these two simtcnccs I most coi dually sympathi/o. 
I have omitted two sentences w hich come between them, describing biicfly 
the hypothesis of “ the origin sjiecies by natuial selection,” because I 
have alwa)S felt that this hypothesis docs not contain the true theory of 
evolution, if evolution there has been, in biology. Sir John Heischel, in 
expressing a favourable judgment on the h}pothesis of zoological evolution 
(wdth, however, some reservation in respect to the origin of man), objected to 
the doctrine of natural selection, that it was too lihe the Laputan method of 
making books, and that it did not sufficiently take into account a continually 
guiding and controlling intelligence. This seems to me a most valuable and 
instructive criticism. I feel profoundlv convinced that the argument of 
design has been greatly too much lost sight of in recent zoological specula- 
tions. Ileaction against the fiivolities of teleology, such as arc to be found, 
not rarely, in the notes of the learned commentators on Paley’s ‘ Natural 
Theology,’ has I believe had a tempoiaiy effect in turning attention from the 
solid and irrefragable argument so wtU put forward in that excellent old book. 
But overpoweiingly strong proofs of intelligent and benevolent design lie 
all round us ; and if ever perplexities, whether metaphysical or scientific, turn 
us aw’ay from them for a time, they come back upon ns with irresistible 
force, showing to us through Natuie the influence of a freewill, and teaching 
us that all living leings depend cn one ever-acting Cieator and Buler. 
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Seventh Report of the Committee for Exploring KenVs Cavern, Devon- 
shire, — the Committee consisting of Sir Charles Lyell, Bart., 
F.R.S., Professor Phillips, F.R.S., Sir John Lubbock, Bart., 
F.R.S., John Evans, F.R.S., Edward Vivian, George Busk, 
F.R.S., William Boyd Dawkins, F.R.S., William Ayshford 
Sanford, F.G.S., and William Pengelly, F.R.S. (Reporter). 

During the year which has elapsed since the Sixth Report was sent in 
(Liverpool, 1870), the Committee have without intermission carried on 
their researches, and have strictly followed the mode of working with which 
the exploration was commenced in 1865. The Superintendents have con- 
tinued to visit the Cavern, and to record the results daily ; they have, as 
from the beginning, sent Monthly Reports to the Chairman of the Com- 
mittee ; the work has been carried on by the same workmen, George Smerdon 
and John Farr, who have discharged their duties in a most efficient and 
satisfactory manner ; and the Cavern is as much resorted to as ever by visitors 
feeling an interest in the researches. 

In Juno 1871, Mr. Rusk, a Member of the Committee, spent some time 
at Torquay, when he visited the Cavern accompanied by the Superintendents, 
who took him through aU its branches, explored and unexplored. Having 
carefully watched the progress of the work, and made himself familiar with 
all its details, he spent some time at the Secretary’s residence, examining and 
identifying a portion of the mammalian remains which had been disinterred. 

In November 1870 the Superintendents had also the pleasure of going 
through the cavern with Mr. W. Morrison, M.P., who takes so active an 
interest in the exploration of the caves near Settle in Yorkshire. 

Besides the foregoing, and exclusive of the large number attended by the 
guide appointed by the proprietor. Sir L. Palk, Bart., M.P., the Cavern has 
been visited during the year by the Earl and Countess Russell, Sir R. Sin- 
clair, Bart., Sir C. Trevelyan, Mr. C. Gilpin, M.P., Governor Wayland, U.S., 
Colonel Ward, Major Bryce, U.S., Rev. Mr. Dickenson, Rev. E. N. Dumble- 
ton, Rev. J. P. Foster, Rev. T. R. R. Stebbing, Dr. Ashford, Dr. Tate, and 
Messrs. S. Bate, R. Bellasis, L. Bowrinsr, W. R. A. Bovle. W. Bridges, 
1871. 
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C. Busk, A. Champeraowne, Channing, Chaplin, F. A. Follows, T. Fox, 
T. Glaisher, J. Harrison, Howard, W. Jones, C. Pannel, Richie, W. Spriggs, 
E. B. Tawney, G. H. Wollaston, and many others. 

Snierdon’s Passage . — The Committee stated in their last Report that, in 
excavating the “North Sally-port,” they had been led to a third External En- 
trance to the Cavern, in the same limestone chff as the two Entrances known 
from time immemorial, but at a considerably lower level, where it was com- 
pletely buried in a great talus of debris. After adding that it had not been 
thought necessary, or desirable, or even safe to dig through the talus to the 
open day, they stated the facts which left no doubt of their having pene- 
trated to the outside of the Cavern. During the winter of 1870-71, the 
question of the existence of the third Entrance was put beyond all doubt ; 
for, after a considerable rainfall, that portion of the talus which the workmen 
had undermined fell in, and thereby laid open the Entrance. This cavity 
was at once filled up, in order to prevent any one from intruding into the 
Cavern. 

It was also stated last year that the new or low-level opening was the 
External Entrance not only of the North Sally-port, but of another and 
unsuspected branch of the Cavern, to which had been given the name of 
“ Smerdon’s Passage,” the exploration of which had been begun. 

This Passage was found to consist of two Peaches, the first, or outermost, 
being about 25 feet long, from 3 to 10 feet wide, and having a northerly 
direction. Near its entrance, or southern end, there are in the roof a few 
circular holes, from 6 to 12 inches in diameter, apparently the mouths of 
tortuous shafts extending for some distance into, or perhaps through, the 
limestone rock. The roof itself and the adjacent portions of the wall bear 
traces of the long-continued erosive action of running water, but below the 
uppermost 12 or 18 inches the walls have many sharp angular inequa- 
lities. Further in, the roof has an irregular fretted aspect, apparently the 
result of the corrosive action of acidulated water, whilst the walls retain the 
angular appearance just mentioned. 

The Second Reach runs nearly east and west, is about 32 feet long, some- 
what wider than the first, and its roof is several feet higher. At its outer or 
eastern end the roof and walls are much fretted ; further in, there are holes 
in the roof similar to those just mentioned, with the exception of being 
larger. 8ome of them contain a small quantity of soil, resembling 
Cave-earth, and firmly cemented to the wall ; whilst adjacent to others 
there is a considerable amount of stalactitic matter. Still further in, the 
roof, whieh has the aspect of a watercourse, is covered with a thin veneer 
of white stalactite ; and near the inner end there is a considerable hole in 
the roof containing a large accumulation of the same material. 

At the western or inner end of this Second Reach, the limestone roof gave 
place to one consisting of angular pieces of limestone cemented with carbo- 
nate of lime into a very firm concrete. In breaking this up, the workman 
thrust his iron bar up through it, and found ho had thereby opened a pas- 
sage into the eastern end of that branch of the Cavern known as the “Sloping 
Chamber,” the concrete floor of which was at the same time the roof of the 
Passage. 

At the outer or eastern end of the Second Reach there was found another 
Low-level Entrance, about 20 feet from that previously mentioned, and 
having no marks of the action of water. 

Narrow ramifications extend through the limestone rock from both Reaches 
of Smerdon’s Passage (westward from the first, and southwards from the 
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second) and intersect one another ; their roofs are also perforated with holes, 
and exhibit traces of the action of running water. 

Throughout both Beaches there were in certain places strips of Stalag- 
mitic Floor extending continuously across from wall to waU, and varying 
from a quarter of an inch to 6 inches in thickness. The most important 
of these strips was about 8 feet long. Elsewhere the Cave-earth was either 
completely bare, or had on it here and there what may be called conical 
scales of stalagmite, from 3 to 12 inches in diameter at the base, and from 
1 to 4 inches in thickness at the centre. From them, and generally near 
the middle, there not unfrequontly rose one or more rudely cylindrical 
masses of the same material, sometimes 9 inches high, 6 inches in circum- 
ference, and locally known as “ Cow’s Paps.” In almost every instance of 
the kind there depended from the limestone roof, vertically over them, a 
long, slender, quill-like tube of stalactite, occasionally reaching and uniting 
with the “ Paps.” Such tubes occurred also in certain places where there 
were no “ Paps,” and in some spots there was quite a forest of them, ex- 
tending from the roof to the Stalagmitic Floor. Wherever it was possible 
to excavate the deposit beneath without breaking them, they were left 
intact. In some cases the Stalagmitic Floor, or the Cave- earth where the 
latter was bare, reached the roof ; and where this was not the case, the unoc- 
cupied space was rarely more than a foot in height. 

About midway in the Second Beach there was on each wall a remnant 
of an old floor of stalagmite, about 8 inches above the floor found ihtact, 
fully 6 inches thick, about 6 feet in length, and within a few inches of the 
roof. 

The mechanical deposit in the Passage was the ordinary rod Cave-earth, 
in some places sandy, but occasionally a very compact clay. It contained a 
considerable number of angular fragments of limestone, numerous blocks of 
old crystalline stalagmite, and a few weU-roUed pebbles of quartz, red grit, 
and flint. The masses of limestone were not unfrequontly of considerable 
size ; indeed one of them required to be blasted twice, and another three 
times, in order to effect their removal ; and some of the blocks of stalagmite 
measured fully 15 cubic feet. 

From the entrance of the First Beach to about 10 feet within it, the 
upper surface of the Cave-earth was almost perfectly horizontal ; but from 
the latter point it rose irregularly higher and higher, until, at the inner end 
of the Second Beach, the increased height amounted to about 9 feet. There 
were no tunnels or burrows in the deposit, such as occurred in both the 
Sally-ports, and were described in the Fifth and Sixth Beports (1869 and 
1870). Near the inner end of the Second Beach the Cave-earth adjacent to 
the walls was cemented into a concrete. 

The deposit in the lateral ramifications of the Passage was the same typi- 
cal Cave-earth, containing blocks of old crystalline stalagmite and angular 
pieces of limestone, but without any Stalagmitic Floor. 

It was stated in the Sixth Beport(1870), p. 26, that at the third External 
Entrance, i. e. the first of the low-level series, the deposits were of two 
kinds — the ordinary Cave-earth, with the usual osseous remains, below; and 
small angular pieces of limestone, with but little earth and no fossils, above. 
Materials of precisely the same character, and in the same order, were found 
at the new low-level Entrance, at the eastern end of the Second Beach of 
Smerdon’s Passage, as already stated. 

Besides a large number of bones, portions of bones, and fragments of 
antlers, a total of fully 2900 teeth were found in the Passage and its rami- 

b2 



4 


KEPOUT — 1871. 


fications, of which 700 were reported at Liverpool*. The remaining 2200, 
exhumed since the end of August 1870, belonged to different kinds of animals, 
in the ratios shown in the following list : — 


Hysena 

335 per thousand. 

Bear . . . 


Horse 

295 


Fox ....'. 

12 

j) 

Rhinoceros .... 

161 


Lion . . . , 



“ Irish Elk”.. .. 

55 


Reindeer 

5 


Ox 

35 


Wolf ... 

4 


Deer 

27 


Bat 

2 

)} 

Badger 

22 


Rabbit . 

1 

yy 

Elephant 

20 


Dog(?) .. 

less than 1 

yy 


On comparing the foregoing list with those given for the Sally-ports in 
the Sixth Kcport (pp. 19 and 24), it will be found to differ from them in 
containing neither Sheep nor Pig, and in the diminished prevalence of Rabbit 
and Badger. 

Many of the teeth are in fragments of jaws, which have, in most cases, 
lost their condyles and their inferior borders. They belong to individuals of 
all ages, from the baby Elephant, whose molar crown was no more than *8 
inch long, and the Hyaena, whose second sot had made their appearance 
before the dislodgement of the first, to the wasted remnant of an adult tooth 
of the Mammoth, and the canine of the Bear worn quite to the fang. 

Many of the bones and teeth are discoloured, a large number are gnawed 
(generally, no doubt, by the Hyaena, but occasionally by some smaller animal), 
and a considerable proportion of them, at all levels, are more or less covered 
with films of stalagmitic matter. On some of the specimens are peculiar 
markings, produced perhaps by fine rootlets of trees having grown round 
them. Some marked in this way were found with living rootlets surround- 
ing them. 

Coprolitic matter was by no means abundant, only one example of it 
having been met with in the entire Passage. 

In various parts of the Passage considerable heaps of small bones, some- 
times agglutinated, were found here and there on the surface, or but little 
below it. In one instance as many as 8400 were picked out of 120 cubic 
inches of material. 

At the junction of the two Reaches of the Passage, a large ledge or cur- 
tain of limestone projected downwards from the roof considerably below the 
usual level. On the inner or northern side of it there was found a wheel- 
barrow fuU of bones, fragments of bones, and teeth, of a considerable variety 
of animals, all huddled together. 

It was stated in the First Report (Birmingham, 1865 f) that the Cave- 
earth was excavated in Parallels,” the length of which was the same as 
the width of the Chamber &c., where this was not excessive, breadth in- 
variably 1 foot, and depth 4 feet, where this gave the men sufficient height 
to work in comfort, or 5 feet where it did not; that each parallel was 
divided into successive horizontal Levels,” a foot in depth ; and that each 
level was subdivided into lengths or Yards,” each 3 feet long and, from 
what has been stated, a foot square in the section, thus rendering it easy 
to define and record the position of every object discovered. 

Smerdon’s Passage and its lateral branches contained 78 “Parallels” of 

* See Sixth Report, 1870, p. 27. t See pp. 19, 20. 
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Cave-earth, and, as it was necessary to excavate to the depth of 5 feet*, a 
total of 390 separate “ foot-levels.’^ The following Table shows the distri- 
bution of the teeth of the different kinds of animals in the various “ Paral- 
lels” and “ Levels.” 



By way of explanation, it may bo stated that teeth of Hyaena, for exam- 
ple, were found in 71 of the 78 “parallels,” at all “levels,” and in 188 
“ foot-levels,” or very nearly one half of the total number ; and so on for the 
other kinds of animals. 

A glance at the Table shows that, in the case of the most prevalent 
animals — Hyaena, Horse, and Khinoceros — their teeth were most frequently 
met with (not necessarily met with in greatest numbers) in the second 
“ foot- level,” below which they were less and less frequent as the level was 
lower ; that the Badger was most frequently met with in the uppermost 
“ foot-level,” and never found below the third ; that teeth of Lion wore not 
found in the uppermost “ level,” and occurred most frequently in the third; 
that those of Wolf did not present themselves in the lowest or fifth “ foot- 
level ; ” that Bat and Babbit were restricted to the uppermost “ level,” the 
former to one “ parallel ” and the latter to two ; and that the Hyaena had 
the widest distribution, both as regards “parallels” and “levels.” 

Twelve Flint flakes and chips were found in the Second Beach of the 
Passage — 3 in the first or uppermost “ foot-level,” 3 in the second, 3 in the 
third, and 4 in the fourth ; there were none in the First Beach, or in the 
lateral branches. Compared with the fine specimens fiiet with in previous 
years in other parts of the Cavern, they are perhaps of but little value. 
Some of them are rather chert than flint, and with one exception (Ho. 3554) 
— a well-designed but roughly finished lanceolate implement — they are all 
of the prevalent white colour. 

In the Second Beach there was also found a lance-shaped bone tool 
(Ho. 3428), 2*7 inches long, 1*1 inch broad at the butt end, flat on one face and 
uniformly convex on the other, reduced to a thin edge all round the margin 
except at the butt end, where it was cut off sharply but somewhat obliquely, 
tapering gradually to a rounded point, and *4 inch in greatest thickness. In 
short, it closely resembled in form and size many of the lanceolate flint im- 
plements of the Cavern series, with the single exception that it was not cari- 
nated on the convex face. It was found on October 5th, 1870, in the first 
“ foot-level ” of Cave-earth, lying with 6 teeth of Hymna, 1 of Bhinoceros, 

♦ In two or three “ Parallels ” it was requisite to go to the depth of 6 feet, in order to 
pass under the “ Curtain” of limestone mentioned above. 
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1 of Bear, 1 of Horse, 1 of « Irish Elk,” 2 jaws of Badger containing four 
teeth, bones and fragments of bone, some of which were gnawed and some 
invested with films of stalagmite. 

It has been already stated that at its eastern extremity the Second Beach 
of Smerdon’s Passage terminated in a low-level ” External Entrance, filled 
with true Cave-earth below, above which lay an accumulation of small an- 
gular stones with but little earth. In the lower deposit the ordinary mam- 
malian remains were found, including teeth and bones of Hysena, Horse, 
Bhinoceros, “ Irish Elk,” Ox, Elephant, Bear, and Beindeer ; but the only 
thing met with in the materials above was an amber bead, ellipsoidal in form, 
but somewhat thicker on one side than the other, *9 inch in greatest dia- 
meter and -5 inch in least, and having at its centre a cyhndrical perforation 
about -2 inch in diameter. 

The excavation of Smerdon’s Passage was completed on December 31st, 
1870, after very nearly five months having been expended on it. From its 
prevalent narrowness, the labour in it had been attended with much dis- 
comfort ; but probably no branch of the Cavern had, on the whole, yielded 
a larger number of mammalian remains. 

Minor Ramljimtions of the North Sally-port . — -It was stated in the Sixth 
Beport (1870)*, that there were one or two ramifications of the North Sally- 
port which had not been excavated, having been passed intentionally in the 
progress of the work. To these attention was given on the completion of 
Smerdoii’s Passage, and they were taken in the order of their proximity to 
the “ Third External Entrance,” — the first discovered of the low-level series. 

The first was a small opening in the east wall of the last Beach of the 
North Sally-port, having its limestone floor very slightly above the top of 
the deposit in that Beach. It proved to be a tunnel in the limestone, having 
a rudely triangular transverse section, from 2*5 to 3 feet in height and 
breadth, and extending eastwards or outwards towards the hill-side for 
about 8 feet, where it terminated in material of the same character as that 
found above the Cave-earth in the first and second low-level External En- 
trances, from the first of which it was about 12 feet distant. There is no 
doubt that it is a third of these low-level Entrances, and, to use the time- 
honoured phraseology in descriptions of Kent’s Hole, it may be termed the 
Oven ” Entrance. It contained but little deposit, and the only noteworthy 
objects found in it wore one tooth of Horse, a few bones and bone fragments, 
and a grit pebble. 

The second of these small lateral branches was in the south wall of the 
immediately preceding or penultimate Beach of the Sally-port, and was 
too narrow to admit of being excavated in “ Parallels ” and “ Levels.” In 
it were found 7 teeth of Hyaena, 10 of Horse, 3 of Bhinoceros, 1 of Bear, 
1 of Lion, 1 of “ Irish Elk,” 1 of Ox, 10 of Badger in parts of 4 jaws, 10 of 
Babbit in parts of 2 jaws, portion of an antler, a right femur of Beaver, 
bones and fragments of bone, a bit* of charcoal, and a grit pebble. It is 
noteworthy, perhaps, that the fine specimen of Beaver’s jaw mentioned last 
yearf was found about 4 or 5 feet from the femur just named, and in the 
fourth “ foot-level.” 

The third and last of these lateral ramifications was near that part of the 
Sally-port termed the Islands ’’J. It yielded 2 teeth of Hyaena, 1 of 
Hoise, 3 of Bhinoceros, 1 of Bear, 3 of “ Irish Elk,” 4 of Deer, 2 of Badger, 
4 of Babbit, an astragalus of Ox, bones and bone fragments, and, in the 
uppermost foot-level,” 2 land-shells. 

* See p. 25. t See Sixth Report, 1870, p. 24. 


t Ibid. p. 21. 
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On January 17th, 1871, the workmen finally and gladly emerged from the 
labyrinth of low narrow passages in which they had been engaged from day 
to day from November 13th, 1869, or upwards of 14 months. In this time 
they had not only excavated and taken to the day the deposits, to the depth 
of 5 feet, in all the extensive and ramifying branches known as the North 
Sally-port and Smerdon’s Passage, and exhumed cartloads of the remains of 
various animals, including 5900 of their teeth, as well as 20 flint implements 
and flakes, but, beyond the first Iteach of the Sally-port (27 feet long), they 
had actually discovered the whole of these branches, including three new 
entrances to the Cavern itself, and had thus added greatly, not only to the 
extent of Kent’s Hole, but to a knowledge of its structure. 

The completion of these branches concluded the excavation, to the depth 
of 4 feet generally, and 5 feet in some instances, below the Stalagmitic Floor, 
of the whole of the Eastern Division of the Cavern. 

2^he Cavern Entrances . — Before proceeding to a description of the branch 
which next engaged attention, it may be of service to devote a few words to 
the Entrances of the Cavern, of which there are now known to bo five (two 
at a high and thTee at a low level), all in the eastern side of the hill, and 
within a horizontal distance of 53 feet. Those at the high-level (known 
from time immemorial) are about 53 feet apart, almost exactly on the same 
level, and about 189 feet above mean tide. The most northerly of them is 
that invariably spoken of in all early descriptions of the Cavern as The 
Entrance,” Those of the lower scries are also at very nearly the same level 
with one another, but from 18 to 20 foot below the former two. Being 
lower in the sloping hill-side, they are about 24 feet outside or east of the 
vertical plane passing through the higher entrances. The most southerly 
ones in the two series arc nearly in the same cast and west vertical plane. 

In order to distinguish them, they arc respectively termed . — 

1. “ The Entrance,” = the more northerly of the upper senes, and, from its 
form, sometimes termed the “ Triangular Entrance.” It opens into the 
“ Vestibule.” 

2. The “ Arched Entrance,” = the more southerly of the upper scries. 
It opens into the ‘‘ Great Chamber.” 

3. The “ First Low-level Entrance,” = the middle one of the lower series — 
the first discovered. It opens into the “ North Sally-port” and the “First 
Beach of Smerdon’s Passage,” 

4. The “ Second Low-level Entrance,” = the most northerly of the lower 
series — the second discovered. It opens jnto the “ Second Beach of Sraerdon’g 
Passage.” 

5. The “Oven Entrance,” —the most southerly of the lower series — the 
last discovered. It opens into the “ North Sally-port.” 

The Eloping Chamber , — That branch of the Cavern termed the “ Sloping 
Chamber ” by Mr. M‘Enery was, prior to the Committee’s exploration of 
the “ Great Chamber,” the largest apartment in it, and is still, perhaps, more 
calculated than any other to impress visitors. It is the only connexion of 
the two great divisions of the Cavern, and measures 80 feet from east to 
west, 25 in greatest breadth, and, since the excavation of its deposits to the 
depth of 4 feet below the base of the Stalagmitic Floor, 25 in greatest 
height. Its name was derived from its floor, which, from 20 feet from its 
eastern side, sloped rapidly towards its western side, falling as much as 14 
feet in 60, or at an average angle of 13°’5. Its ceiling sloped more 
rapidly still, being, as already stated, 25 feet high near the ^tem wall, but 
not more than 6 feet at the western. This ceding, though representing the 
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dip of the limestone strata in a general way, is extremely.mgged, — here re- 
treating into deep cavities whence huge masses of limestone have fallen, and 
there ornamented with numerous and heavy masses of Stalactite. Indeed 
the finest Stalactites in the Cavern occur in it j and one known as the Chan- 
delier’’ has always been much admired. A very strong light is required, 
however, to bring out aU the features of the ceiling. 

During the autumn of 1866, the upper, or eastern, or level portion of this 
Chamber was explored, and the results were described in the Third Eeport 
(Dundee, 1867). Mr. M‘Enery, too, had made extensive, no doubt his most 
extensive, diggings near the foot of the incline, where he “ succeeded in sink- 
ing a shaft to the depth of 30 feet at the bottom of the slope, with the view 
of reaching the original floor which, however, was not realized. Having 
broken the floor for his shaft, and finding the work very laborious, he availed 
himself of the opening thus made to extend his diggings eastward, keeping 
just beneath the floor, which he left spanning his broken ground like an 
arch. 

As it was obvious that a very considerable amount of deposit still remained 
intact, it was decided, on the completion of Smerdon’s Passage, to resume the 
excavation, not only in the hope of obtaining some of the palaeontological 
treasures with which, according to Mr. M‘Enery, the Chamber abounded, but 
also as a prc-requisitc to the exploration of the “ Wolf’s Den ” and the “ Long 
Arcade,” into which it opened on the north and south respectively. 

The uppermost deposit, as in the adjacent parts of the Cavern, was the 
Black Mould so frequently mentioned in all previous Eeports ; and as the 
Chamber was the only capacious apartment near the Entrance, and the only 
road to the Western Division of the Cavern, which, from some cause, seems 
to have been more attractive than the Eastern to visitors in, at least, all 
recent times t, it might have been expected that many comparatively modern 
objects of interest would have been found in the Mould. In reality, how- 
ever, such objects were by no means abundant — a fact which may be ex- 
plicable, perhaps, on the hypothesis that they had been collected by Mr. 
M‘Enery and other early explorers. The only things found in this deposit 
(which, it may be stated, was of inconsiderable depth) were shells of cockle, 
limpet, and pecten ; two potsherds — one black and of coarse clay, the other 
brown, in which the clay was finer ; a flint chip and a core of the same ma- 
terial; a spindle-whorl of fine-grained micaceous grit, 1*5 inch in diameter, 
•5 inch in thickness, and having its external edges rounded off ; and a bone 
awl, 3’ 7 inches long, *7 inch broad at the butt end, and partially covered 
with a film of stalagmite. 

Beneath the Black Mould came the ordinary floor of granular and lami- 
nated stalagmite, in which, as well as in the deposit beneath, the rugged 
character of the ceiling suggested that a considerable number of large masses 
of limestone would be found. Their presence in the floor, moreover, was 
indicated by the nature of its upper surface, which, though a continuous 
sheet, with one exception to be noticed hereafter, was so very uneven 
as to induce an early guide to the Cavern to confer on it the appellation of 
the “ Frozen Billows.” Accordingly, the Floor proved to be, with an excep- 

* See Trans. Devon. Assoc, vol. iii. p. 248 (1869). 

4* The following fact seems to be confirmatory on this point : — There are in the various 
branches of the Western Division (sometimes in places of difficult access) numerous 
initials and dates ♦n the limestone walls and on bosses of stalagmite — some engraved, 
some smoked, and some merely chalked — while there are extremely few in the Eastern 
Division. 
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tion liere and there, a breociated mass composed of large and small pieces of 
limestone and blocks of the well-known old crystalline stalagmite, all ce- 
mented together and covered with a sheet of the cementing material. 

Near the upper part of the slope, and on its southern margin, a space about 
14 feet long and varying from 3 to 12 feet broad was without any trac« of 
floor, but occupied with large loose pieces of limestone. Elsewhere the sheet 
was perfectly continuous until reaching the area in which Mr. M^Enery had 
dug his shaft. The Moor commonly measured from 12 to 30 inches in thick- 
ness, but adjacent to the southern wall it was fully 3 feet, and contained few 
or no stones. 

On being broken into small pieces and carefully examined, it was found 
to contain 2 teeth of Horse, a portion of a jaw, 2 bones, and half of a frac- 
tured flint nodule. About 30 feet down the slope, a series of dark parallel 
lines were observed in the Moor, the uppermost being about 2 inches below 
the upper surface. On the advance of the work, they proved to be continuous 
downward, and to have a greater and greater thickness of stalagmite over 
them. On careful examination, it was found that each represented what for 
a time had been the upper surface of the Stalagmitic Floor of the Chamber, 
and was due to the presence of comminuted charcoal and other dark-coloured 
extraneous matter. Such a charcoal streak ” also occurred, according to 
Mr. M‘Enery, in the ‘‘ Long Arcade,” within a few feet of the same spot*. 
The workmen were directed to detach a specimen of the Floor where the 
streaks were well displayed, and in doing so were so fortunate as to make 
their fracture at a place where a large cockle-shell lay firmly imbedded in 
the lowest streak, at a depth of about 8 inches below the surface. Whilst 
splitting up the Stalagmite on May 16th, 1871, two specimens of well-marked 
fern-impressions were found in it, about 3 inches below the surface. Nothing 
of the kind had ever been noticed before. 

Below the Stalagmite, as usual, lay the Cave-earth, in which, as was an- 
ticipated, pieces of limestone were unusually abundant. Some of them 
rieasured several feet in length and breadth, and were fully 2 feet thick. 
There were also numerous blocks of the old crystalline stalagmite, measuring 
in some instances upwards of 4 cubic yards, and not unfrequently projecting 
from the Cave-earth into the overlying granular floor. Though they were 
carefully broken up, nothing was found in them. 

In that portion of the Cave-earth which was found intact, there occurred, 
as usual, remains of the ordinary Cave-mammals, including about 650 teeth, 
which may be apportioned as in the following list ; — 


Hyaena 

Horse . 
Khinoceros . 
Deer .... 
“Irish Elk” 
Bear 


39 

per cent. 

Keindeer . . . 

2 

per cent. 

28-5 


Ox 

2 

yy 

14 

yy 

Elephant . . . 

1-5 

yy 

4 

yy 

Lion 

1 

yy 

2-5 

yy 

Wolf 

1 

yy 

2-5 

yy 

Dog(?) only 

one tooth. 



It is, perhaps, worthy of remark that though wild animals still frequent 
Kent's Hole, and there is reason to believe that some of them have in recent 
times carried in the bones of others on which they preyed, though the Sloping 
Chamber is near and between the two high-level Entrances, though the 
Floor was broken up and thus gave the readiest access to the Cave-earth, and 
though Mr. M‘Enery discontinued his labours upwards of ^0 years ago, of 
which more than 30 were years of quietude in the Cavern, there is in the 

* See Trans. Devon. Assoo. vol. iii. pp. 236, 261, 262 (1869). 
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^uregoiiig list not only neither Sheep nor Pig, but neither Badger, Rabbit, 
Hare, nor Vole, all of which have been found in other branches, in deposits 
accessible to burrowing animals. 

In the Cave-earth there were also found 52 flint implements, flakes, and 
chips,—- 3 of them in the first or uppermost foot-level, 16 in the second, 15 in 
the third, and 18 in the fourth or lowest. Though none of them are equal 
to the best the Cavern has yielded in previous years, there are some good 
lanceolate implements amongst them. 

No. 3603 is of light brown translucent flint, 1*85 inch in length, *9 inch in 
greatest breadth, ’175 inch in greatest thickness, nearly flat on one side, and 
cannated on the other. It was found with a few bones in the first foot- 
level, amongst loose stones, where there was no Stalagmitic Floor over it ; 
hence it may bo doubted whether it belongs to the Palaeolithic senes — a doubt 
strengthened by the modern aspect of the implement. 

No. 3754, of the usual white flint, is 4*2 inches long, *9 inch in greatest 
breadth, *3 inch in greatest thickness, both longitudinally and transversely 
concave on one side, has a medial ridge on the other, from which, at about 
an inch from one end, a second ridge proceeds, and has a thin but uneven 
edge. It was probably pointed at each end, but has unfortunately been 
broken at one of them. It was found on March the Gth, 1871, in the second 
foot-level, with splinters of bone, beneath a Stalagmitic Floor 18 inches 
thick. 

No. 5430, also of white flint, is somewhat irregular in form, but may bo 
termed rudely lanceolate ; it is 2*7 inches in length, 1*5 inch in extreme 
breadth, *3 inch in greatest thickness, slightly concave on one face and ir- 
regularly convex on the other. It was found on March 30th, 1871, with 2 
teeth of Horse, 1 of Hyoena, and fragments of bone, in the second “ foot- 
level,” without any Stalagmitic Floor over it. 

No. 3732, a whitish flint, is 2*3 inches long, 1*1 inch in breadth, which is 
nearly uniform from end to end, slightly concave on one face, convex on the 
other, on which there are three slight, parallel, longitudinal ^ridges, sharply 
truncated at both ends, but primarily thin at the sides. It was found on 
February 27th, 1871, in the third “ foot-level,” with a tooth of Hysena and 
fragments of bone, without any Stalagmitic Floor over it. 

No. 5435, a slightly mottled white flint, is 2-1 inches long, 1*1 inch broad, 
*4 inch in greatest thickness, flat on one face, strongly ridged on the other, 
abruptly truncated at one end, but thin everywhere else, and retains its width 
almost to the opposite end, which is bluntly rounded. It was found on 3l8t 
March, 1871, with a portion of Deer’s jaw and fragments of bone, in the 
third “ foot-level,” beneath a Stalagmitic Floor, 2 feet thick. 

No. 3687, a mottled flint with white prevailing, is 2*6 inches long, 1*2 
inch in greatest breadth, *3 inch in greatest thickness, broadest near the 
middle, whence it tapers in both directions, somewhat pointed at one end 
but not at the other, nearly flat on one face and convex on the other, on 
which there are two ridges — one subcentral and the other nearly marginal. 
It was found on February 7th, 1871, in the fourth or lowest foot-level, with 
1 tooth of Horse, 1 of Hymna, and a fragment of bone, without any Stalag- 
mitic Floor over it. 

No. 5475 so closely resembles No. 3732, mentioned above, as to need no 
ftirther description. It was found February 27th, 1871, with 1 tooth of Hysena 
and fragments of bone, in the fourth “ foot-level,” but had no Stalagmitic 
Floor over it. 

In this connexion may be mentioned a piece of calcareous spar, which 
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appears to have been used as a polishing-stone. It was found March 8th, 
1871, with 2 teeth of Hysena, 2 of Horse, 3 of Rhinoceros, gnawed bones, 
and a flint flake, in the fourth “ foot-level,” having over it a Stjdagmitic Floor 
18 inches thick. No such specimen had been noticed before. 

A piece of burnt bone was found on the 22nd of the same month, with 
fragments of bone and fsecal matter, in the second ‘‘ foot-level,” having a 
Stalagmitic Floor over it. 

Mr. M‘Enery appears to have excavated beyond the limits of his shaft, not 
only in an easterly direction, as has been already stated, but also, at least, 
north and south of it. So far as can be determined, the shaft was first sunk, 
and the material taken out lodged between it and the western waU of the 
Chamber, after which he undertook what may be called the adjacent hori- 
zontal diggings, and filled up the shaft with a portion of the excavated matter, 
thereby rendering it impossible to determine the exact site of the shaft itself. 
He does not appear to have taken outside the Cavern any portion of the deposit 
in order to ensure its more complete examination ; hence it is not probable 
that all its contents were detected. Indeed, when speaking of his researches 
in this Chamber, he says, “ It was feared that in the ardour of the first search, 
facts of importance might have been overlooked. The mass of mould thrown 
up on the former occasion was therefore a second time turned over and care- 
fully searched, but nothing new was brought to light 

This mass the Superintendents decided on taking out of the Cavern, 
partly to facilitate the excavation of deposits certainly intact beyond, and 
also because it was thought likely to be lodged on unbroken ground. Though 
there seemed but httle prospect of finding any thing by subjecting it to a 
third search, such a search was nevertheless made, and did not go unre- 
warded. The heap, though mainly of Cave-earth, included fragments of the 
granular Stalagmitic Floor and portions of the Black Mould, and yielded 
hundreds of bones and portions of bones (one having an artificial hole lined 
with stalagmitic matter), fragments of antlers, the largest fragment of an Ele- 
phant’s tusk that the Committee have met with, 143 teeth of Hysena, 153 of 
Horse, 45 of Rhinoceros, 27 of Deer, including “ Irish Elk ” and Reindeer, 3 
of Bear, 5 of Ox, 5 of Sheep, 3 of Elephant, 3 of Wolf, 3 of Dog (?), 2 of Fox, 
2 of Pig, and 1 of Lion, a few marine shells, several fragments of black pot- 
tery, 4 pieces of stalagmite with fern-impressions, and 13 flint implements 
and flakes, — all, with one exception, of the prevalent white colour, and two 
of them decidedly good specimens of the strongly ridged lanceolate forms. 
In short, the virgin soil, in some parts of the Cavern, has been less pro- 
ductive than waa this mass which had been twice carefully searched, but by 
candle-light only. 

As was thought probable, the mass of dislodged materials proved to be 
lying on ground which had never been broken. Between Mr. M‘Enery’s 
shaft and the west wall of the Chamber there was a space of at least 17 
feet; and at 14 feet from the wall the Cave-earth was found to have not 
only the ordinary granular Stalagmitic Floor overlying it, but to be de- 
posited on another and necessarily an older Floor of the same material, but 
which, instead of being granular, was made up of prismatic crystals — posses -< 
sing, in short, the characters both of position and structure of the Old Crys- 
talline Floor found in the “ Lecture Hall” and “ South-west Chamber,” and 
described in the Fourth Report (Norwich, 1868), — a remnant, in situ, of the 
Floor which had furnished the large blocks of stalagmite found in the Cave^ 


♦ See Trans. Devon. Assoc, vol. in. p. 289 (1869), 
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earth in the Sloping Chamber, as already stated. From the point where it was 
first seen, it was everywhere continuous up to the western wall. Its thickness 
has not been ascertained ; for though it was partially broken up in cutting 
the four-feet section, the bottom of it was not reached. No objects of any 
kind were found in it. Had Mr. M‘Enery’s excavations been carried but a 
yard further west he must have encountered it, and would have been enabled 
to solve the problem of the blocks which he so often found in the Cave- 
earth. 

The Committee are most anxious to guard against the impression that, in 
any of the foregoing remarks, they have been unmindful of the service which 
Mr. M‘Enery rendered to science, or have the most remote wish to depre- 
ciate the value of his long-continued labours. Indeed, when they remember 
that the means at his disposal must have been very limited, and that he was 
amongst the pioneers in cavern searching, they cannot but feel that the 
extent and results of his investigations are richly entitled to the warmest 
praise. 

They venture, however, to take this opportunity of stating that, in order 
to a thorough and satisfactory investigation, cavern-deposits should be ex- 
cavated, not by sinking occasional shafts, but continuously in a horizontal direc- 
tion, to a uniform depth not exceeding 5 or at most 6 feet at first ; that 
the material should be carefully examined in situ, and then taken to day- 
light for re*examination. Through not following the first, Mr. M‘Enery 
failed to understand the exact historical order of the Cavern-deposits ; and 
through not being able to accomplish the second, he passed over many speci- 
mens calculated to have modified his conclusions, and which he would have 
been delighted to have found. For example, when speaking of the Sloping 
Chamber, he says, “ The [Stalagmitic] crust is thickest in the middle .... 
for opening the excavation, the same means were employed as to break up 
a mass of ancient masonry. Flint blades were detected in it at all depths, 
even so low as to come in contact with the fossil bones and their earthy 
matrix, but never below them” *. During the last six months, however, the ex- 
cavations made in the same Chamber, and in the immediate neighbourhood of 
his, have brought forth Flint implements from every level of the Cave -earth 
to which the work has been carried, and they were actually found in 
greatest numbers in the lowest levels. To this may be added the fact that 
in his heap of refuse-matter, which he had twice examined, there were, as 
has been already said, upwards of a dozen flint blades, such as he stated 
never occurred in the Cave-earth. Had the soil been examined in daylight, 
they could not have been overlooked ; for, instead of being specimens of 
little value, they are better far than some of those which he figured ; and it 
is but right to add that many of those found by the Committee were thus 
detected. 

Again, Mr. M‘Enery was keenly watchful for extraneous objects in the 
Stalagmitic Floor ; and, from his silence on the question, it may be safely 
concluded that he never saw feni-impressions in it ; nevertheless his refuse- 
heap contained four small slabs of the floor, in each of which was a 
well-marked impression, requiring not additional manipulation, but simple 
daylight for their detection. Indeed every specimen of this kind has been 
recognized outside the Cavern only. 

The four slabs just mentioned, as well as the two found by the Committee 
in the Floor they broke up, have been submitted to Mr. W. Carruthers, 

* See Trans. Devon, Assoo. vpl. iii. p. 247 (1869). 



ON Kent’s caveen, devonsbire. 13 

F.K.S., of the British Museum, who has kindly furnished the following note 
respecting them : — 

“ British Museum, 10 July, 1871. 

The ferns are specimens of Pteris aquilina, Linn., and have belonged to 
very luxuriant plants ; they do not differ from those now growing in Eng- 
land. It is possible that the fragment may be another species, but it 
is too imperfect to determine, and it may only be a barren portion of the 
Pteris f with shorter and broader pinnules than the other specimens. 

(Signed) “ Wm. Carruthees.” 

Returning for a moment to the Old Crystalline Stalagmitic Floor beneath 
the Cave-earth, it was observed that, like the modern and granular one, it 
had here and there on its upper surface conical bosses rising above its gene- 
ral level, and that there were corresponding protuberances vertically above 
them on the upper floor. The same fact had been noticed in the other 
branches of the Cavern where the two Floors occurred in the same vertical 
sections, — a fact apparently warranting the conclusion that the drainage 
through the Cavern-roof underwent no important change during the entire 
period represented by the two floors and the intervening Cave-earth, 
When to this it is added that such bosses are, at least in most cases, verti- 
cally beneath Stalactitic pendants on the ceiling, it may be further inferred 
that the ancient and modern lines of drainage are, in the main, identical. 

On the completion of the work in the Sloping Chamber, on July 11, 
1871, the excavation of the “ Wolf’s Den,” which opens out of its northern 
side, was begun. It was in this Den that Mr. M‘Enery found the canines 
of Machairodm latidens, which have excited so much attention. No such 
specimens have been met with during the present investigation up to this 
time. 

The Committee, believing it possible that the subject might prove to be 
connected with their researches, have from time to time mentioned the 
-occasional occurrence of living animals in the Cavern*. Indeed, Kent’s 
Hole is not better known to the palaeontologist as a store-house of mamma- 
lian remains, than to the Devonshire naturalist as a home of the Great 
Horseshoe Bat {Rhinolophus f err um-equinum, Leach) ; and every visitor, be- 
fore the present exploration, must have frequently seen them hanging from 
the walls of the more retired branches. The following facts have presented 
themselves during the last twelve months : — 

Whilst the excavation of one of the lateral branches of Smerdon’s Passage 
was in progress, a considerable number of fresh spindle-shaped fteces, about 
’6 inch long and *2 inch thick, were observed lying on the surface of the 
Cave-earth, while between it and the roof there was an interspace just 
sufficient to allow an animal about the size of a Badger to pass. 

The workmen having observed that the candles were much nibbled during 
their absence, that the greasy wooden candlesticks were sometimes carried off 
and some of them, after a few days, found secreted in small holes, set a suit- 
ably baited gin for the suspected offender. Their efforts were rewarded the 
next morning by flnding a rat dead in the trap. 

Old newspapers &c. are occasionally sent to the Cavern for the purpose of 
wrapping up small boxes of specimens, or such delicate objects as need more 
than ordinary care. On November 28th, 1871, the workmen, using in this way 
a part of a copy of the ^ Saturday Review,’ unintentionally left one complete 
and sound sheet, i. e. two leaves, near the spot where they had been at work. 


* See Export® Brit. Absoo. 1869, p. 204, and 1870, p. 27. 
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Tiie next morning they found the paper precisely where they had left it, 
but with about one-fifth of one of the leaves gone, and the broken margin 
of the remainder apparently nibbled. There was nothing to prevent the 
whole from being taken off, and it was noted that, though left in a preca- 
rious position, it had not fallen down. The broken leaf was then tom off 
and preserved, whilst the unbroken one was allowed to remain as a further 
experiment. The next morning no trace of it was to be seen. That even- 
ing a rat-trap was set at the spot, .and very near it another leaf of paper was 
placed, having on it a small stone, which it was supposed a rat, but not 
a smaller animal, might bo capable of moving. The next morning the 
paper was found where it had been put, but very much nibbled, whilst the 
trap and the grease with which it was baited appeared to have not been 
touched. Before leaving work, the men baited the trap with a tempting end 
of candle, and placed it on a leaf of paper ; whilst another leaf, weighted 
with a lump of earth, was placed near. On the following morning both 
pieces of paper were found to bo considerably eaten or torn ; and it was 
noted that the injury done to the former was within the margin of the trap 
placed on it, whilst the trap itself, as well as its bait, remained unaffected, 
further than that there were on it a few spindle-shaped fteces about a quar- 
ter of an inch long. There can bo no doubt that some animal, probably 
smaller than a rat, carried off the missing leaf to a recess in the Cavern, 
where it may serve to make its nest comfortable, and perhaps hereafter to 
puzzle a cavern searcher who may discover it. 


Fourth Report of the Committee for the purpose of investigating the 
rate of Increase of Underground Temperature downwards in varu 
ous Localities of Dry Land and under Water. Drawn up by Prof. 
Everett, at the request of the Committee, consisting of Sir Wm. 
Thomson, F.R.S., Sir Charles Lyell, Bart., F.R.S., Prof. J. Clerk 
Maxwell, F.R.S., Prof. Phillips, F.R.S., G. J. Symons, F.M.S., 
Dr. Balfour Stewart, F.R.S., Prof. Ramsay, F.R.S., Prof. A. 
Geikie, F.R.S., James Glaisher, F.R.S., Rev. Dr. Graham, 

E. W. Binney, F.R.S., George Maw, F.G.S., W. Pengelly, 

F. R.S., S. J. Mackie, F.G.S., Edward Hull, F.R.S., and Prof. 
Everett, D.C.L. (Secretary). 

In last year’s Report, the intention was expressed of boring down at the 
bottom of Rosebndge Colliery, if the Association would provide the necessary 
funds. The circumstances were exceptionally inviting, and the Association 
very liberally granted the sum asked. The Secretary thereupon paid two 
visits to Rosebndge, descended and to some extent explored the colliery, in 
company with Mr. Bryham, and, after a careful study of the plans and sec- 
tions, agreed upon a particular spot where the bore was to be sunk. Tra- 
cings of the plans and sections were kindly sent by Mr. Bryham, who in 
every way cooperated most cordially, and gave much valuable assistance in 
arranging the scheme of operations. Several weeks elapsed, which were 
occupied in making and testing a very large spirit thermometer, suitable for 
reading in the bad light of a mine, and capable of being read, by estimation, 
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to the hundredth of a degree, from 90° to 110° F. ; and on the 7th 
November the Secretary wrote to Mr. Bryham requesting him to commence 
operations. Unfortunately, during this brief interval, circumstances had 
changed. In a neighbouring pit, where the workings were in the same seam of 
coal as at Rosebridge, though less deep by 200 yards, a considerable quantity 
of water was found in sinking into the strata underlying this seam. This 
was a very unexpected circumstance ; and as any irruption of water at the 
bottom of Rosebridge pit, which is now quite dry, would be a most serious 
affair, Mr. Bryham was afraid to risk the experiment of boring down. Sub- 
sequent reflection has only confirmed him in the opinion that such a step 
would be hazardous, and the Committee have accordingly been most reluc- 
tantly compelled to renounce the plan. Mr. Bryham’s final refusal was 
received on the 28th February. 

Professor Ansted read a paper last year, in the Geological Section of the 
Association, upon the Alpine tunnel, commonly called the Mont-Cenis tun- 
nel, and in that paper some interesting statements were made regarding its 
temperature. Since that time. Professor Ansted has interchanged very 
numerous letters with the Secretary, and has furnished much valuable in- 
formation, gathered from Prof. Sismonda, of Turin, and from M. Borelli, the 
resident engineer of the tunnel. Observations which appear to be reliable 
have been made in bore-holes in the sides of the tunnel, and the tempera- 
tures thus observed have been compared with the estimated mean tempera- 
ture at the surface overhead, which in the highest part is a mile above the tun*- 
nel, or 2905 metres above sea-level. It is directly under this highest part that 
the highest temperature is found in the walls of the tunnel, namely 29®’5C., 
or 85°*1 F., which is 9° F. lower than the temperature found at the bottom 
of the Rosebridge shaft at the depth of only 815 yards. But though the 
tunnel is at more than double this depth from the crest of the mountain 
over it, we must bear in mind that the surface-temperatures are very dif- 
ferent. In a paper published by the engineer of the tunnel, M. F. Giordano, 
the mean temperature of the air at the crest of the mountain (Mont Frejus) 
is calculated to bo — 2°'6 C., or 27°'3 F. Assuming this estimate to be 
correct, we have a difference of 57°*8 F. between the deepest part of the tun- 
nel and the air at the surface vertically over it ; assuming further, as we did 
in the case of Rosebridge in last year’s Report, that the surface of the hill itself 
has a mean temperature 1° F. lower than that of the air above it, we have a 
difference of 56°‘8 F., and the thickness of rock between is 1610 metros, or 
5280 feet (exactly a mile). This gives, by simple division, a rate of increase of 
1° F. for 93 feet ; but a very largo correction must be applied for the con- 
vexity of the ground ; for it is evident that a point in the ground vertically 
under a steep crest is more exposed to the cooling influence of the air than 
a point at the same depth beneath an extensive level surface. No correction 
for convexity would be needed if the temper ature of the air decreased up- 
wards as fast as the temperature of the internal rock ; but this is very far 
from being the case, the decrease being about 3| times more rapid in the 
rock than in the air. To form an approximate notion of the amount of this 
correction, wo must determine, as well as we can, the forms of the succes- 
sive isothermal surfaces in the interior of the mountain. The tendency is 
for all corners and bends to be eased off as we descend, so that each suc- 
ceeding isothermal surface is flatter than the one above it. Accordingly, if 
we have a mountain rising out of a plain, without any change of material, the 
isothermals will be further apart in a vertical through the crest of the moun- 
tain than under the plain on either side ; they will also be further apart 
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at the highest part of this vertical, that is close under the crest, than at a 
lower level in the same vertical. It would be absurd to pretend to fix the 
amount of the correction with accuracy ; but it seems not unreasonable to 
estimate that, in the present case, the numer of isothermals cut through by a 
vertical line descendmg from the crest of the ridge to the tunnel itself is 
about seven-eighths of the number which would be cut through in sinking 
through an equal distance in level ground, other circumstances being the same. 
Instead of 1° in 93 feet, we should thus have 1° in | of 93, that is, in 81 feet. 

This is a slow rate of increase, and is about the same as Mr. Fairbaim 
found at Dukenfield. The rocks penetrated by the tunnel consist of highly 
metamorphosed material, and are described as belonging to the Jurassic 
series. No fossils have been found in them. For two-thirds of the length 
of the tunnel, beginning from the Italian end, they are remarkably uniform, 
and it is in this part that the observations have been taken. The following 
account of them has been given by Prof. Ansted (Pop. Sci. Eeview, Oct. 
1870, p. 351) ; — “ The rocks on which the observations have been made are 
absolutely the same, geologically and otherwise, from the entrance to the 
tunnel, on the Italian side, for a distance of nearly 10,000 yards. They 
are not faulted to any extent, though highly inclined, contorted, and sub- 
jected to slight slips and slides. They contain little water and no mineral 
veins. They consist, to a very large extent indeed, of silica, either as 
quartz or in the form of silicates, chiefly of alumina, and the small quantity 
of lime they contain is a crystalhne carbonate.” 

This uniformity of material is very favourable to conduction, and the high 
inclination of the strata (in which respect these rocks resemble those at 
Dukenfield) also appears to promote either conduction proper or aqueous con- 
vection, which resembles conduction in its effects. As regards Mons. Gior- 
dano’s estimate of the mean air-temperature at the crest, it is obtained in 
the following way : — The hill of San Theodule is 430 metres higher, and 
the city of Turin is 2650 metres lower than the crest ; the temperature of 
the former has been determined by one year’s observations to be — 5°'l C., 
and that of the latter is 12°'5 C. If a decrease of 1° C. for every 174 metres 
of elevation be assumed (1° F. for 317 feet), we obtain, either by com- 
parison with San Theodule or with Turin, the same determination — 2°*6 
for the air-temperature at the crest of the ridge over the tunnel. 

This mode of estimating the temperature appears very fair, though of 
course subject to much uncertainty ; and there is another element of uncer- 
tainty in the difference which may exist between the air-temperature and 
the rock-temperature at the summit. 

These two elements of uncertainty would be eliminated if a boring of 
from 50 to 100 feet were sunk at the summit, and observations of tempera- 
ture taken in it. The uncertain correction for convexity would still remain 
to be applied. It would therefore be desirable also to sink a boring, of about 
the same depth, in the plateau which extends for about a quarter of the 
length of the tunnel, beginning near the Italian end, its height above the 
tunnel being about a third of a mile. 

In November last, when very little information had reached this country 
respecting the temperature-observations in the tunnel, an urgent appeal was 
ad^essed, jointly by your Committee and by the Geographical Society (of 
which Prof. Ansted is Foreign Secretary), to M. Sismonda, requesting him 
to use his influence with the Italian authorities to secure a series of accu- 
rate observations of the temperature in the sides of the tunnel, before time had 
been allowed for this temperature to undergo sensible change from its original 
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value. It was also suggested that the mean temperature of the surface 
overhead should be examined by boring. 

M. Sismonda speedily replied, stating that he fully recognized the impor- 
tance of such experiments, and had already made arrangements with the 
Government at Turin, and with the contractors for the railway works, to 
have them carried out as fully and fairly as possible. Had the communica- 
tion reached him at a time of year when he could have travelled without 
great inconvenience, he would have gone to the spot himself; but as that 
was now impossible, the Government Commissioner for the works, M. Salva- 
tori, had undertaken to see the experiments carried through by employes 
under his orders. M. Sismonda further stated that, from the commence- 
ment of the tunnel, the Academy of Sciences of Turin had instituted a series 
of scientific observations in it, in which observations of temperature were 
included. The results of these observations he promised to forward as soon 
as they were completed and tabulated. 

On the receipt of the final refusal to bore down at the bottom of Rose- 
bridge Colliery, inquiries were instituted as to the feasibility of executing a 
similar operation in the deepest part of the Alpine tunnel. The contractors 
have, however, declined to grant permission, as the operation would involve 
additional encumbrance of the very narrow space in which their works are 
proceeding. It appears that a length of a mile or more in the deepest part 
of the tunnel has not yet been opened out to the full width, so that oppor- 
tunity may yet bo given to excavate a lateral heading and bore down, if the 
Association encourage the plan. 

Mr. G. J. Symons has repeated his observations in the Kentish Town 
well, at every fiftieth foot of depth, from 350 to 1100 feet, which is the 
lowest point attainable. As the water begins at the depth of 210 feet, all 
these observations may bo regarded as unaffected by the influence of the 
external air, and they have now been sufficiently numerous at each depth 
to render further venfication needless. The following are the results finally 
adopted, and they do not differ materially from those first published (Report 
for 1869). 
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The numbers in the last column arc the quotients of those in the two pre- 
ceding, and denote the average number of feet of descent for 1° F. of in- 
crease, as deduced from comparing the temperature at each depth of obser- 
vation with the temperature at the lowest depth. The earlier numbers in 
this column of course carry more weight than the later Ones. The amount 
of steadiness in the increase of temperature of the water is best seen by 
inspecting the third column, which shows that the freest interchange of heat 
occurs at about the depth of 600 feet. This must be due to springs. The 
soil, from the depth of 569 to that of 702 feet, is described as “light-grey 
chalk, with a few thin beds of chalk-marl subordinate.” The soil consists 
in general of chalk and marl, from 325 to 910 feet, and below this of sandy 
marl, sand, and clay (see list of strata in last year’s Keport, p. 41). The 
mean rate of increase in the former is a degree in 56 feet, and in the latter 
a degree in 49 feet. The mean rate of increase from the surface of the 
ground to the lowest depth reached is certainly very nearly 1° F. in 54 feet. 

Mr. David Burns, of H.M. Geological Survey, has furnished observations 
taken in the W. B. lead-mines, at and near Allenhcads, Northumberland, by 
the kind permission of Thomas Sopwith, Esq., F.11.8., and with the valuable 
assistance of Mr. llidley. Underground Surveyor, who continued the obser- 
vations after Mr. Burns had hft. 

The mineral for which these mines are worked is galena. There are very 
extensive old workings at a lower level than the present workings, and filled 
with water, which is kept down by pumping ; but the quantity daily pumped 
out is very small in comparison with the whole, so that the change of water 
is slow. 

From the offices of the lead-mines a small windlass with a supply of fine 
brass wire was obtained, which enabled the thermometer to be lowered 
steadily and quickly. 

The first observations were taken in Gin-HiU shaft, 3rd June, 1871. The 
observers proceeded as far down in the works as they were able, and took 
their station in a level leading from the shaft, 290 feet from the surface of 
the ground, and 38 feet above the surface of the water in the shaft. 

The following observations were tlien made : — 


Depth under 

Depth in 

Temperature 

ground. 

water 

Fdhr. 

ft 

ft 


340 

12 . 

49-3 1 

340 

12 

. 49-2 f 

390 . . 

02 

. . . 51-2) 

390 

62 

. . .. 51-2| 

440 

112 . 

...*. 51-31 

440 .... 

112 

. .. 51-3 j 


The mean temperature at the shaft mouth for the year ending 31 st May 
1871, was 4U-3, as derived from daily observations of maximum and mini- 
mum thermometers, without applying a correction for diurnal range. Add- 
ing 1° to this, to obtain the probable mean temperature of the surface of 
the ground, and taking the temperature at 400 feet of depth as 51'^*3, Mr. 
Burns computes that the rate of increase downwards is 6° in 400 feet, or 1° 
in 66*6 feet. The data for this calculation are obviously in many respects 
\ery uncertain. 

On the 21 st June Mr. Kidley took observations in another shaft in the 
same workings, called the High Underground Engine Shaft. It is sunk 
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from a level at the depth of 308 feet below ground, and the surface of the 
water in it is 399 feet down the shaft, or 797 feet below the surface of the 
ground. There are pumps iii the shaft, but they had been stationary for more 
than 24 hours before the observations were made. Immediately after the 
observations they were started, and when they had been working for some 
time the temperature of the water lifted was found to be 65°*2. They draw 
their water at a depth of 957 feet below the surface of the ground. 

The following were the observations : — 


Depth under 

Depth in 

Temperature. 

ground 

water 

Fabr. 

ft 

ft. 

o 

807 

. . . . 10 

651) 

807 


. 64 9/ 

857 .. . 

60 

. 65-4 \ 

857 

60 

. . 65-7 1 

807 

. . .. 10 

65*4 


The thermometer could not be lowered beyond 857 feet without risk of 
losing it, by getting fast in the wooden framework with which the pumps 
were secured. Mr. Burns thinks that some of the temperatures here re- 
corded are too low, from the index being shaken down by reason of the im- 
pediments presented by the upper portions of the framework. The surface 
of the ground over this shaft is about 300 feet higher than over Gin-Hill 
shaft. If we allow l°for this increase of height, and call the temperature of 
the surface of the ground 44°*3, as against 45°'3 at Gin Hill, we have, by 
comparison with the observed temperature 65°-7 at the depth of 857 feet, 
an increase of 21°-4 in 857 feet, or 1° in 40 feet. 

On the Gth July Mr. llidley took observations in another sump or under- 
ground shaft at 81itt mine, Weardale. This shaft is sunk from the lowest 
level in the working, and had been standing full of water during the five 
months which had elapsed since it was sunk. The only source of disturbance 
was a little water running along the level across the top of the shaft, so as 
to enter the shaft (so to speak) on one side and leave it on the other. Thijs 
may affect the temperature at 3 feet, but could scarcely affect the tempera- 
ture at 53 feet, which may be regarded as very reliable. 

The following are the observations : — 


Depth under 

Depth m 

Temperature. 

ground. 

water. 

Fahr. 

ft. 

ft. 

O 

610 

3 

64-5 ) 

610 

3 

64-5/ 

660 

• • • • • 53 •••••• 

65-1 1 

660 

53 

64*9 1 


Mr. Burns says “ the surface -temperature at Slitt mine will be nearly the 
same as that at Gin-Hill shaft, judging from their relative elevations, 
aspects, and ’exposure to the winds.” Assuming it then to be 45°*3, and 
reckoning the temperature at 660 feet as 65°, we have an increase down- 
wards of 19°*7 in 660 feet, or 1° in 33 5 feet. The only datum that seems 
doubtful here is the surface-temperature. If, instead of 45°*3, it be assumed 


as 


f44°-3) ... . 

I 46°’3 I ’ increase of 1° in 


Mr. Kidley has also taken observations in Breckon-Hill shaft, which is 
near the river Allen, about mile from Gin -Hill shaft, and at an elevation 

c 2 
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not much above the bottom of the valley, but 1174 feet above sea-level. It 
was sunk some years ago, and has since stood nearly full of water. At the 
time of the observations the surface of the water was 24 feet down the 
shaft. The following are the observations taken in this shaft on June 
13th 


Depth under 

Depth in 

Temperature. 

ground. 

water. 

Fahr. 

ft. 

ft. 

O 

50 

26 

47*2 ) 

50 

26 

47 * 2 } 

100 

76 

46-9 } 

100 

76 

46*8} 

150 

126 


150 

. ... 126 

46*7 1 

200 

176 

46*6 

250 

226 

46*8 

300 

.... 276 

46-8 

350 

326 

46*9 


These observations were taken early in the morning, when the air and 
springs were so cold as to allow the maximum thermometer to be cooled below 
the temperature of the shaft. In order to test more thoroughly the apparent 
uniformity of temperature from 100 feet down to 350 feet, Mr. Ridley took 
a second series of observations, extending from the 22nd to the 27th June. 
In these observations the thermometer was lowered in a tin case filled with 
water colder than that of the shaft. The thermometer was supported within 
the case in a vertical position by a wooden frame, and prevented from shak- 
ing about. It was allowed to remain at each depth several hours, was then 
lifted, and read with all possible care. The following are the observations 
thus obtained : — 


Depth under 

Length of 

Temperature before 

Temperature after 

ground. 

immersion. 

immersion. 

immersion. 

ft 

h m 

0 

0 

42 

10 40 

42-0 

. . . 46 5 

92 

11 20 

44*0 . . . . 

. . . 46-5 

142 . . 

. . . . 11 40 

42-4 . . 

46*6 

192 .. 

12 20 

46 1 ... 

. . . . 46'6 

242 .. 

34 0 

44-0 . . . 

46*6 

292 . 

. . 13 40 

45*4 . . . . 

.... 46*6 

342 . 

10 25 

45*4 . . . . 

.... 46*6 

Here the temperature is even 

more uniform than in the first series. Af 


to the causes of this uniformity, Mr. Burns remarks that the shaft is not 
connected with any working, but is cut through solid strata. It is a 
few yards to the east of the AUen, while, in the bed of that stream, and 
making a great spread on the west side of the valley, is a bed of limestone 
nearly 70 feet thick, and dipping at an angle of about 10^ to the east. The 
top of this limestone was cut in the shaft about 40 feet down, which occa- 
sioned a great injlusc of water into the shaft, and drained a strong spring on 
the other side of the river. 

It wiU be observed that the chief difference between the two sets of ob- 
servations is just at the place where this limestone was cut. The second set 
were taken after and during much rain, and the first set after a week of very 
little rain. It appears probable that the difference of temperature at this 
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depth was due to the difference of temperature of the surface-water which 
soaked in through the limestone in the two cases. As regards the tempera- 
tures at depths exceeding 200 feet, it would appear that, in times of compa- 
rative drought (as in the first set), the heat of the soil at the greater depths 
has time to produce a little augmentation in the temperature of the water 
before it soaks away. 

This shaft is obviously not adapted for giving any information as to the 
rate of increase downwards. Collecting the best determinations from the 
other shafts we have : — 

Depth of Temperature. Calculated 

thermometer. Fahr. increase, 

ft. ^ ^ ft. 

Gin-Hill Shaft 400 613 1 in 66*6 

High Underground Engine 857 65-7 1 in 40 

Slitt Mine 660 65‘1 1 in 33*5 

Mr. Bums considers that little or no weight should be attached to the first 
of these determinations, as a pumping-engine was working in a neighbouring 
shaft communicating with it at the time when the observations were taken. 
The jump of 2 ° in descending from 340 to 390 feet also renders the inter- 
pretation of these observations difficult. 

The closeness of the temperatures in the other two shafts, at depths differ- 
ing by about 200 feet, suggests the idea that they are both fed by the same 
spring, and that the temperatures indicated are the temperature of the origin 
of the spnng slightly modified by the different temperatures of the strata 
through which it has passed ; but their positions appear to render this im- 
possible. 

Mr. Burns’s opinion from all the observations is that the mean rate of in- 
crease downwards at Allenheads is about 1° in 35 feet ; but this cannot at 
present be held as proved. 

The strata consist mainly of alternate beds of sandstone and shale, with a 
few beds of limestone intermixed. In Slitt mine there is also a bed of 
basalt 158 feet thick, overlying the vein of fluor-spar in which the workings 
are carried on, the workings being 55 feet down in this vein. 

Preparations are being made for taking observations in the dry part of the 
mines, by making shallow bores at different levels, inserting the thermometer, 
plugging up the hole for a few days, and then reading. 

Another gentleman connected with H.M. Geological Survey, Mr. R. L. 
Jack, has taken observations in a boro at Crawriggs, Kirkintilloch, near 
Glasgow. They were taken on tho 29th November 1870, the temperature 
of the air being 34°. The surface of the water in the bore was 6 feet below 
the surface of the ground, the latter being 200 feet above sea-level. Tho 


following were the observations : — 
Depth from surface Time of lowering 

Time of withdrawing 

Temperature. 

of ground. 

thermometer. 

thermometer. 

Fahr. 

feet. 

h m 

h m 

O 

50 

. . . 12 52 P.M. 


... 47 

100 

. . . 1 10 „ 

1 28 „ . . 

... 481 

150 

1 33 „ 

1 52 „ . . 

... 49| 

200 

1 58 „ 

2 14 „ . . . 

... 50 

250 

. . . 2 22 

2 43 „ . . 

... 50 

300 

. . . 3 15 „ 

3 34 „ . . 

... 60i 

350 

. . . 3 40 „ 

3 50 „ . . 

... 51 


A few feet below 350 feet an obstruction in the bore prevented further 
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observations ; but the bore continues for about 7^ feet further. We have 
here a total increase of 4° in 300 feet, which is at fhe pate of 1° in 76 feet ; 
but the intermediate steps are so irregular that uof much weight can be 
attached to this determination. 

The Secretary has corresponded with the Smithsonian Institution respect- 
ing the great bore at St. Louis, which was described in last year’s Keport, 
and also respecting the Hoosac Tunnel which passes under a mountain and 
will be 4| miles long, but the correspondence has not yet led to any definite 
result. 

It was stated in last Report that application had been made to General 
Helmersen, of the Mining College, St. Petersburg, for information regarding 
the temperature of a very deep bore in course of sinking at Moscow, as well 
as regarding underground temperatures in Russia generally. A long delay 
occurred, owing to the General being absent from home for seven months, 
and not receiving the communication till his return ; but shortly after his 
return he dispatched a very polite answer, from which the following passages 
are extracted : — We have an artesian well in St. Petersburg, bored in the 
Lower Silurian strata. At the depth of 656 English feet this well stops at the 
granite, a granite which perfectly resembles that of Einland. The lowest 
portion of these Silurian strata is merely a degraded granite, a grit combined 
with debris of felspar. About 353,000 hectolitres of water fiow from the 
well per diem, and this water issues with a constant temperature of 9°'8 

Reaumur You are doubtless aware of the existence of a series 

of observations on the temperature of the soil at the bottom of a well which 
was sunk in the town of Yakoutsk in Eastern Siberia. This well has shown 
us that the soil of Siberia, at least in this part of its great extent, is frozen 
to a depth of 540 English feet. The mean temperature of Yakoutsk is 
— 8°-2 R. At the depth of 100 feet the temperature of the soil was found to 
be — 5°’2. Prom this depth to the bottom the temperature increased at the 
rate of 1° R, for every 117 feet; whence it would follow that the soil at 
Yakoutsk is frozen to the depth of about 700 feet. 

“ It appears to me a very interesting circumstance that, according to ac- 
counts just received by the Academy of Sciences from Baron Maydel, traveller 
in the country of the Tchukchees [des Tschouktschi], there are found in 
those regions layers of tee, quite pure, alternating with sand and clay. The 
interesting letter of the Baron will shortly be printed in the publications of 
the Academy. It was in making excavations in search of mammoths that 
Maydel made this discovery.” 

If we assume the temperature of the smface of the soil at St. Petersburg 
to be 39°’17 P., which, according to ‘ Herschel’s Meteorology,’ is the mean 
temperature of the air at the Magnetic and Meteorological Observatory, and 
if we take the temperature of the water as that of the bottom of the well, 
we have an increase downwards of 14°*88 P. in 656 feet, which is at the rate 
of 1° P. in 44' 1 feet. If, on the other hand, wo suppose the surface of the 
ground to be 4° P. warmer than the air (and the difference at Yakoutsk ap- 
pears to be greater than this), we deduce an increase at the rate of 1° P. in 
60 feet. 

The rate of increase at Yakoutsk from the depth of 100 feet to the bottom 
of the frozen well at 540 feet is given above by General Helmersen as 1° R. 
in 117 feet. This is 1° P. in 52 feet. 

An account of the Yakoutsk well is given in ‘ Comptes Rendus,’ tome vi. 
1838, p. 601, in an extract from a letter by Erman (fils), who visited Ya- 
koutsk when the well had attained a depth of 50 feet. He gives the tern- 
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perature at this depth from his own observations, and the temperatures at 
77, 119, and 382 feet from the subsequent observations of the merchant to 
whom the well belonged. His figures ditfer very materially from those given 
above ; but it may fairly be presumed that General Helmersen’s account is 
the more accurate. 

Before the receipt of General Helmersen’s letter, the following communi- 
cation respecting the Moscow boring had been received by the Secretary from 
Mons. N, Lubimoff, Professor of Natural Philosophy in the University of 
Moscow. 

December l-l, 1870. 

“ Dear Sir, — I beg your pardon for not having replied sooner to your letter. 
I am sorry to say that the information which 1 can now communicate is very 
deficient. The great bore of Moscow is not yet terminated, and the experi- 
mdits on temperature which have been made hitheito are but of a preli- 
minary kind. It was in the hope of renewing the measurements under more 
satisfactory conditions that I delayed ray answer ; but as certain circum- 
stances did not permit me to resume the observations, which are therefore 
deferred to the spring of 1871, 1 must restrict myself to describing the old ones. 

“ These wore made, on my commission, by M. Schiller, B.A., in April 1809. 
The bore was then about 994 feet deep, and, from 50 feet to the bottom, 
full of water. A mercury theimometer of a peculiar kind was constructed, 
on an idea of my own. It consisted of a capillary tube of thick glass, ter- 
minating below in a large reseivoir ; at the upper end a fuiinel-like piece 
was adjusted, into which the mercury flowed off as soon as the temperature 
rose above a certain value [sketch annexed]. The whole was placed within 
a closed case, which was plunged to a (hosen depth into the bore, and re- 
versed by means of a special arrangement. It was then brought again to the 
right position and drawn up to the suiface, a portion of mercury having 
flowed away. Here the thermometer was plunged into a water-bath, the 
temperature of \\ Inch was so regulated that the mercury attained the end of 
the capillary tube ; this was then the temperature required. 

“ The measurements were made at the depths of 175, 350, 525, 700, 875, 
and 994 feet. From 350 feet to the bottom the temperature throughout the 
bore was found to be nearly constant, namely 10°- 1 C., with deviations of 
+ 0'^*]. The temperatures of the upper paits of the bore were not quite 
precisely ascertained, the chief attention being given, in these first experi- 
ments, to the deeper parts. The air-temperature at the surface for the time 

April to varied between -f-7°*5 and — 1°'9 C. 

\29 ^ 5 May ) 

“ As soon as the boring is completed, and the present impediments removed 
from the bore, the observations will be resumed, and perhaps some new 
methods will be applied for the sake of verification, though the above de- 
scribed apparatus, previously tried, seemed to give very exact results. 

“ I shall be very glad to communicate to you, as soon as possible, the re- 
sults of the new experiments. As to underground temperatures for Eussia 
in general, there is, so far as I know, no place where regular and trustworthy 
observations have been made [should he made in original] except the Central 
Physical Observatory at St. Petersburg, the results of which are published by 
Dr. Wild, Director of the establishment, in his printed Annual Deports.” 

From the sketch annexed to the description in Professor Lubimoff’s letter, 
it appears that the enlargement at the open end of the capillary tube is quite 
sudden, and not likely to retain any mercury when inverted. The idea of 
error from this cause may therefore be dismissed ; but the instrument is en- 



24 


REPORT 1871. 


tirely unprotected against the pressure of the water in which it is immersed, 
and it is important to consider what effect this pressure will have. 

In thermometers of the ordinary construction this pressure acts only ex- 
ternally, and produces much greater diminution of the internal volume than 
when, as in Prof. Lubimoff’s thermometer, it acts both externally and in- 
ternally, a mode of action with which we are familiar in the case of (Ersted’s 
piezometer. 

From Regnault’s experiments it appears that the apparent compression of 
mercury in glass, when the pressure is thus applied, is *000001234 per atmo- 
sphere, whereas the apparent expansion of mercury in glass for heat is *0000857 
per degree Fahrenheit. The latter number is 69 times the former ; it there- 
fore appears that a pressure of 69 atmospheres would be required to falsify 
the indications of Prof. Lubimoff’s thermometer to the extent of 1° F. The 
actual pressure at the bottom of the well is less than the half of this, and 
therefore should only produce an error of a few tenths of a degree. This, 
however, is on the assumption that the glass undergoes no change of figure, a 
condition which may easily fail of being fulfilled, owing to the want of perfect 
uniformity in the glass. 

Mr. Donaldson has written from Calcutta to the effect that the thermo- 
meter which was sent to him has been entrusted to a competent observer, 
who has taken numerous observations with it, which will be sent shortly. 

M. Erman’s letter above referred to is immediately followed in the ‘ Comptes 
Rendus’ by an account, byM. Walferdm, of some observations, which appear 
to be very reliable, taken in artesian wells in the basin in which Pans is 
situated. They were taken with maximum thermometers of the kind in- 
vented by Walferdin himself, in which the mercury overflows into a reservoir 
when the temperature exceeds a certain limit, the thermometers being her- 
metically sealed in glass tubes to protect them from pressure. 

The observations which he first describes were taken in a well, newly 
sunk to the depth of 263 metres, at St. Andre, about 50 miles to the west of 
Paris, and which failed to yield a supply of water. The temperature was 
carefuUy observed at the depth of 253 metres by means of two thermometers, 
which were allowed to remain at that depth for ten hours. Their indications 
agreed to *03 of a degree Centigrade, and gave a mean of 17°*95 C. For the 
sake of comparison, M. "Walferdin observed the temperature at the bottom of 
a well 75 metres deep, situated at a distance of only 13 metres from the other 
well, and found it 12°*2C., showing a difference of 5°*75C. in 178 metres, which 
is at the rate of 1° C. in 30*95 metres, or 1° F. in 56*4 feet. Ho mentions that 
he also employed two Six’s thermometers (deux therm ometrographe8)*enclosed 
in copper tubes to protect them from pressure, but both of these gave erroneous 
indications. The copper case of one was imperfect, and allowed a little water 
to enter. This one read 1°*25 too high, owing probably to the effect of 
pressure ; the other read 2°*15 too low, owing probably to the index being 
shaken down. 

The temperature at the depth of 400 metres in the puits de Crenelle at 
Paris was observed on two different occasions. The indications were 23°*5 
on the first and 23°*75 on the second occasion; and these M. Walferdin com- 
pares with the constant temperature 11°*7 in the caves of the Observatory at 
the depth of 28 metres. Taking the mean of the two observations, 23°*6, we 
have a difference of 11°*9 in 372 metres, which is at the rate of 1° C. in 31*2 
metres, or 1° F. in 56*9 feet. 

Observations in the well of the Military School, at a distance of 600 metres 
from the puits de Crenelle, showed a temperature of 16°*4 C. at the depth of 
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173 metres. This gives, by comparison with the Observatory caves, an in- 
crease at the rate of 1° C. in 30*85 metres, or 1° F. in 56*25 feet. 

These three determinations are in wonderfully close agreement with each 
other. All three wells are sunk in the chalk of the Paris basin. In the 
case of the St. Andre well the thicknesses of the different strata were : — 


metres. 

Plastic clay 13 52 

White chalk 122*46 

Marly chalk 29*24 

Glauconio 13*64 

Greensand 84*36 


263*22 

The thermometer which the Committee have been employing for the last 
three years is a Phillips’s maximum, having so fine a bore that the detached 
column of mercury which serves as the index is sustained in the vertical 
position by capillary action, and will bear a moderate amount of shaking 
without slipping down. Numerous instances, however, have occurred in 
which the index has slipped in consequence of jerks or concussions sustained 
by the thermometer in hauling it up from a depth. During the past six 
months the Secretary has been in correspondence with Messrs. Negretti and 
Zambra respecting a proposed modification of the maximum thermometer 
known by their name, which occurred to him more than a year ago, and was 
descnbed by him privately to some meteorological friends at the last Meeting 
of the Association. It was then supposd to be new, but it now appears that 
Messrs. Negretti and Zambra have made something of the kind for the last 
fourteen or fifteen years. Several changes, however, were necessary before 
the thermometer was adapted to the uses of the Committee, and the first 
complete instruments were received in June last. They are enclosed, like the 
thermometers previously used, in hermetically sealed tubes, for protection 
against pressure, and they have the advantages (1) of being able to bear 
more severe jolts without derangement of their indications, and (2) of pre- 
senting to view a much broader column of mercury, so as to be more easily 
read in a dim light. 

The instrument is to be used in a vertical position, with the bulb uppermost. 
Between the bulb and the stem there is a contraction, through which the 
mercury will not pass except under pressure. It is set by holding it with 
the bulb end lowest, and tapping this end on the palm of the hand, tiU the 
part between the contraction and the bulb is full of mercury. It can then 
be held with the bulb up, and the mercury in the stem will run down to the 
lower end, from which the graduations begin. In this position, the top of 
the column indicates the temperature of setting, which must be lower than 
the temperature intended to be observed. 

The instrument is then to be lowered into the bore to any required depth, 
and allowed to remain there for about half an hour, to ensure its taking the 
temperature of the surrounding water. The expansion of the mercury in 
the bulb with heat will force a portion of the liquid through the contraction, 
and subsequent cooling in hauling up will not cause any of it to return. 
The portion which has thus escaped from the bulb into the stem will usually 
be found remaining close to the contraction, when the thermometer has been 
hauled up. The instrument must then be gently inclined, so as to make the 
bulb end slightly the lowest, when the mercury in the stem will all unite 
into one column, which will run down to its place on again raising the bulb. 
The head of the column will then indicate the required temperature. 
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Report on Observations of Luminous Meteors, 1870-71. By a Com- 
mittee consisting of James Glaisher, F.R.S., of the Royal 
Observatory, Greenwich, Robert P. Greg, F.R.8., Alexander 
S. Herschel, F.R.A.S., and Charles Brooke, F.R.S., Secre- 
tary to the Meteorological Society. 

The object of the Committee being, as in the previous year, to present a 
condensed Report of the observations which they have received, and to indi- 
cate the progress of Meteoric Astronomy during the interval winch has 
elapsed since their last Report, the reviews of recent publications relating to 
Meteoric Science which will be found in the sequel are preceded by a state- 
ment of the results obtained by the observers, who have during the past 
year contributed a valuable hst of communications on the appearances of 
luminous meteors and regular obseivations of star-showers to the Com- 
mittee. The real heights and velocities of thirteen shooting-stars obtained 
by the cooperation of Mr. Glaisher’s staff of observers at the Royal Obser- 
vatory, Greenwich, during the simultaneous watch for meteors on the nights 
of the 5th to 12th of August last, are sufficiently accordant with the rt\d 
velocity of the Perseids (as already previously determined by similar means, 
in the year 1863) to afford a satisfactory conclusion that the results of direct 
observation are in very close agreement with those derived from the asiio- 
nomical theory of the August meteor-stream. Shooting-stars were observed 
to be more than usually frequent on the nights of the 17th of August and 
24th of September last, accompanying on the latter night a rather brilliant 
display of the Aurora. On the nights of the 18th-20th of October last the 
sky was so generally overcast as to conceal the view of any meteoric shower 
which may have taken place on that well-established meteoric date. But on the 
mornings of 13th-15th of November last a satisfactory scries of observations of 
the November star-shower (so far as its return could bo identified) recorded 
at the Royal Observatory, Greenwich, and at several other ilritish stations, 
concurs with very similar descriptions of its appearance in tlie United states 
of America in showing the rapid decrease of intensity of this display since 
the period of greatest brightness, which it attained in the years 1866 and 
1867. Notices of the extreme brightness with which it was visible in the 
following year (1868) are extracted from astronomical and meteorological 
journals kept in Switzerland and Scotland. A short view of the sky on the 
night of the 12th of December last was obtained at Birmingham, where the 
accurate divergence of the meteors observed by Mr. Wood from the radiant 
point in Gemini of the December meteors sufficed to verify the periodical 
return of that meteoric current. The state of the sky was not favourable 
for observations of meteors on the first two nights of January ; but during 
two hours, when the sky was clear, on the night of the 20th of April last, 
the well-known group of April meteors was noted, on the periodical date, 
diverging in considerable numbers, and with the characteristic features of 
brightness, and leaving a persistent streak from the direction of a nearly fixed 
centre in the constellation LjTa. One meteor of the shower, simultaneously 
observed at Birmingham and Bury St. Edmunds, afforded sufficiently accu- 
rate materials for calculating its real distance from the observers, and the 
length and velocity of its visible flight relatively to the earth. The com- 
bined observations of the regularly recurring meteor-showers during the 
past year having at present proved successful m contributing some valuable 
materials to their history, the Committee propose to resume during the 
coming year a systematic watch for their return, and to provide observers 
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of the regular star-showers of August and November, and those of smaller 
interest and abundance in January, April, October, and December, with 
suitable maps and instructions to enable them to obtain, without unnecessary 
pains bestowed in preparations or expense, the most careful and complete 
records of their extraordinary displays. In order that the operations of the 
Committee may thus continue to be systematically directed towards the 
objects which have acquired important interest from the discovery of the as- 
tronomical connexion of shooting-stars with the orbits of comets, introducing 
the strictest methods of inquiry into the laws of their appearance, the Com- 
mittee earnestly desire the renewal, in the coming year, of the support which, 
since its first formation, by their correspondence and cooperation, observers 
have hitherto freely contributed to the British Association. 

Notices of the appearance of twenty-two fireballs and small bolides have 
during the past year been received by the Committee, fourteen of which 
were compared to the apparent size and brightness of the moon, and the 
latter include three detonating meteors of the largest class. Descriptions of 
some of the largest of these meteors are contained in the accompanying list 
and in the following paragraphs of the Repoi’t. No notice of the fall of an 
aerolite during the past year has been received, although the occurrences of 
large meteors during the months of autumn and spring, preceding April last, 
were more than ordinarily frequent. Of one of these, which appeared with 
unusual brilliancy in Cornwall, Devonshire, and the south-western counties 
of England on the evening of the 13th of February, it is possible to estimate, 
at least approximately, the locality and the real elevation of its flight. 
Careful observations of such phenomena when they appear are, however, 
again recommended by the Committee to all observers who may have the 
necessary astronomical skill, and the rare opportunity to note their brilliant 
courses by the stars. 

In the discussion of some papers on Meteoric Astronomy which follow the 
foregoing observations, it will be seen that in the hands of its talented origi- 
nator, Prof. Schiaparelli, the cosmical theory of periodical shooting-stars has 
received fresh and valuable illustrations, and the apparently inexplicable 
grouping of radiant-points for several successive days in the neighbourhood 
of ageneral centre of divergence, if notexplained, appears to depend upon effects 
of planetary disturbances of a single meteoric stream from which the parasitic 
radiant-points have been derived. The discussion of such examples is sim- 
plified, and their complete explanation is, perhaps, not beyond the reach of 
the persevering application wuth which skilled astronomers in every country 
are now bent on the solution of the complicated and intricate geometrical 
problems presented to them by the distribution and features of the known 
radiant-points of shooting-stars. To a brief description of this interesting 
memoir are added, at the close of the Report, some notices of works which 
have recently appeared on the more general branches of meteoric science. 

I. Meteoes doubly observed. 

1. A Table of the real heights of sixteen shooting-stars doubly observed in 
England during the meteoric shower of August 1870, independently of the 
observations recorded at the Royal Observatory, Greenwich, was presented 
in the last volume of these Reports. A comparison of the observations made 
on that occasion at the Royal Observatory, Greenwich, with those recorded 
at the other stations, enables the real paths of thirteen meteors (ten of 
which are new to the former list), seen by Mr. Glaisher’s staff of observers, 
to be satisfactorily determined j and the real heights and velocities of the 
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meteors thus identified, together with the particulars of the observations 
from which they are concluded, are entered in the Table opposite. 

The accompan)dng diagram (drawn on the same scale as that in the last 
Report) readily exhibits to the eye the actual heights at appearance and dis- 
appearance (or the heights of the centres of the visible paths of the meteors 
Nos. 1, 4, 9) above the earth’s surface. The last vertical line on the right 
represents (as in the last Report) the average height at first appearance and 
that at disappearance of all the meteors regarded as identified in the present 
list, of which the approximate heights of those points have been satisfactorily 
ascertained. The resulting average heights are : — 

At first appearance At disappearance. 
Of 16 meteors in the last Report. . . . 74*1 B. S. miles. 47*o 

Of 10 meteors in the present list . . 71 '7 „ 54*4 

Of 20 meteors observed in Aug. 1863 81-6 „ 57*7 

Fig. 1. 


Reference numbers. 

1 2 3 4 5 6 7 8 9 10 11 12 13 



Heights at appearance and disappearance of thirteen shooting-stars simultaneously ob- 
served at the Royal Observatory, Greenwich, and at other stations in England, August 
6th-llth, 1870. (Nos. 1, 4, 9 are calculated heights at the centres of the real paths.) 

The present average heights are somewhat less than those observed in the 
year 1863 ; but they agree more closely with the general average height at 
first appearance, 70*05 miles, and that at disappearance, 54*22 miles (as given 
in the Report for 1863, footnote on p. 328), of nearly all the shooting-stars 
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Iteal Heights and V'elocities of Shooting-stars simultaneously obseived at the Royal Obsei'vatory, Greenwich (Gr.), and at other stations in England — (B.) Birmingham; (H.) Hawkhurst, Kent ; (L.) Regent’s Park, 

London , (M.) Manchester ; (T.) East Tistcd, Hants — on the nights of the Gth-llth August, 1870. 
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3. Preparations for observing the meteors of the 20th of April last were 
also made at many stations in England and Scotland with only partial 
success. A meteor of the April shower was, however, observed simul- 
taneously iit Birmingham and Bury St. Edmunds, of which the following 
descriptions were recorded : — 


No 

Date 

Approximate 

hour 

G. M T 

Place of 
observation 

Magnitude 
as pt r stars 

Colour 

Duration 

Apparent course 

Appearance, 
streak, &c 

( 6 ) 

1871 
Apr 20 

h ni 

11 8 P M 

Birmingham 

= lst magni- 
tude star 

Blue 

1 25 second 

Prom A 4 Hercu- 
li 9 to y Draco- 
ms— 8 ° 

The meteor in- 
creased m size 

(9) 

1 

20 

h m 9 

11 10 15 

P M 

Thurston, 

n(‘ar 

Bury St Ed- 
munds 

t 

= lst mag- 
nitude 
star 

White 

3 seconds 

From i a Draco- 
niSt^Urs® Ma- 
joiis, crossing 
rUrsTMajons, 
to ^ (Jt m 
L\ ncis 

Small in the 
first, growing 
brighter in the 
last half of its 
course Left a 
slender streak 
at first, which 
rt niained 2 se- 
conds on the 
laet half of its 
course 


„ 20 

1 11 8 

1 Birmingham 

Length of path 1 P One-third of the sky o\erca 8 t Observer, W H Wood 

(9) 

20 

11 10 15 

1 

^Thuitoton 

Length of path 43^^ Sky very clear Observer, A 8 IliiiRSCilFL 


Although the times at both the stations were uncertain to rather more 
than a minute from true Greenwich time, and the approximate times of the 
meteor’s appearance recorded at the two stations differ from each other by 
rather more than two minutes, yet the very similar descriptions of its ap- 
pearance at the two stations, and the fact that no other meteor at cither 
station preceded it or followed it within a quarter of an hour, during a very 
attentive watch, as well as the good agreement together of the apparent 
paths recorded by the two observers, render it scarcely possible to doubt that 
the same meteor was simultaneously observed. The apparent length of path 
and duration are, however, much longer at Bury St. Edmunds than at Bir- 
mingham, where the meteor was seen foreshortened near the radiant-point ; 
and on this peculiar circumstance Mr. Wood (m a letter to Mr. Herschel) 
makes some important remarks, which offer a very interesting field for fur- 
ther observations. “ My view of the meteor’s course was evidently very 
oblique, and yours, very direct (nearly at right angles), would obscure a faint 
tail to me. There is also another pecuharity which I have observed in 
oblique-visioncd courses, that they appear to endure about half the time of 
that obtained by direct vision, which I fancy arises from its invisibility to 
one observer, whilst it is visible to the other in the earliest portion of its flight, 
and the amount of the invisible course to bear some proportion to the recorded 
differences in the durations.” In perfect agreement with this explanation the 
point of disappearan ce of the meteor is well fixed (by combining the observations) 
at a height of about sixty-five miles above a place near Bourne, in Lincolnshire, 
The observations, on the other hand, do not agree in determining the point of 
first appearance. The first and faint half of the meteor’s apparent path, as 
recorded at Bury St. Edmunds, is placed too far from the north pole of the 
heavens to be nearly comformable to the radiant-point near 5 Lyrce (from 
some point near and below which the apparent course of the meteor, as seen 
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at Birmingham, was directed), while this portion of the meteor’s flight 
appears to have entirely escaped observation at Birmingham. Prolonging 
the meteor’s visible flight at Birmingham 7° backwards towards the radiant- 
point, and approaching the point of first appearance at Bury St. Edmunds 
about the same distance towards the north pole of the heavens, the agree- 
ment ot the observations in fixing the point of first commencement at a 
height of about eighty miles over the neighbourhood of Norwich is nearly 
as exact as the determination of the place of the meteor’s disappearance. 
The length of its visible path was about seventy-five miles, and its radiant- 
pomt in Taurus Poniatovii, on the same meridian, was about 40° south of 
the usual radiant-pomt (QH^ of the Apnl meteors. Although its apparent 
course, as observed at Bury St Edmunds, evidently denoted it as an erratic 
member of the group, its general resemblance to the other Lyraids observed 
on the same evening was a remarkable feature in its long and striking course. 
Adopting Mr. Wood’s suggestion of (provisionally) increasing the duration, 
as observed at Birmingham, from 1 25 to 2 seconds in the simple proportion 
of the increased length of the apparent course, prolonged towards the radiant- 
])oint, and adopting 2| seconds (the average between this duration and that 
recorded at Bury St Edmunds) as the time of flight, the resulting velocity, 
relative to the earth, of this single member of the April meteoric stream 
doubly observed on the night of the 20th of Apnl last, was, within very few 
miles, about thirty miles per second. The theoretical velocity of the same 
meteors (see the Note on the last page of this lleport) is not quite thirty miles 
jier second. 

4. Several observations of the very brilliant fireball observed in Devon- 
shire and in the south-western counties of England on the evening of the 
13th of February last were collected and compared together by Mr Wood, 
the result of whose investigation 'will shortly be given, with descriptions of 
that meteor, as the most probable conjectuie, from the matenals at present 
at their disposal, arrived at by the Committee respecting its real height and 
the locality of its nearest approach to the British isles 

II. L\kge Meteors. 

In addition to the conspicuous meteors described in the accompanying list, 
the following descriptions of remarkable meteors have appeared, or were 
communicated to the Committee by the observers . — 

1. 1870, Nov. 1, ll*' 30"’ p M., London “I saw a splendid meteor last 
night, at 11*’ SO*", through the blind of my bedroom window The whole room 
was illuminated, and the meteor must have been at least half as large as the 
moon. I went to the window quukly, but could see no trail. The path 
must have been, say, 5° to the light of a Aurigm, ending 10° to left of a, (i 
Geminorum. I only saw the end 

“T. Crumplen, London, N.W., Nov. 2nd, 1870.” 

2. 1870, Nov. 4, shortly before 3** a.m. (local time), Agra, India . — 

Extraordinary Meteor. — “ The following account of an extraordinary me- 
teor occurs in a letter I received from a brother who is a missionary stationed in 
Agra. He does not give the exact place where he was at the time, but it 
must have been very near to Agra. The letter is dated Agra, 24th November, 
1870 A missionary from Allahabad was with him when he saw it. 

Mills Hill, Chadderston, near Manchester. Robert Gryson. 

“ Agra, Nov. 24, 1870. — I recently saw a marvellous meteor. I was in 
camp, and had risen for an early march a few minutes before 3 a.m. on 
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November 4th. I was standing under the shade of a cluster of trees, when 
a sudden flash of light fell around. Two or three camp fires were blazing 
near, and at first I thought it might be a sudden flare up from one of them ; 
but on casting my eyes up towards the heavens, I saw a large oval hght, 
stationary. It appeared to be composed of a large number of irregularly 
’shaped, differently sized stars, yet so closely packed as to form one light, yet 
giving the whole a sort of dappled appearance. At first I was struck dumb 
with amazement — thought it must be some mental illusion, or that my eyes 

were playing me false. But as I gazed it remained steadily fixed. , 

of Allahabad, was with mo. I roused him , ho was soundly asleep, and some 
seconds passed in waking him up. In the interval it appeared to have been 
lengthened, nearly, though not quite, by a straight line, and as we gazed it 
assumed the shape of a large magnet, with the upper limb rather shorter than 
the other. It then gradually expanded, diminishing in brightness as it in- 
creased in size, assuming a wavy, serpentine form, though keeping much to 
a horseshoe shape, until it became so attenuated as to be no longer visible. 
It must have continued in sight five minutes. It was seen by all the ser- 
vants , and one of them cried out, ‘ Bhagwauka seela hae,’ by which he ap- 
peared to mean that in his opinion the Almighty was amusing Himself with 
fireworks , literally, ‘ It is God’s sport or amusement.’ ” — Nature, Jan. 12th, 
1871. 

3. 1870, Dec. 20, 6'‘ 40'" p.m , Ilawkhuist. Kent. — “This evening at 
O'* 40"’ I noticed the descent of a beautiful meteor. It appeared to stait 
almost from the zenith towards the S S E , and it was visible for about three 
seconds. It had very much the appearance of a sky-rocket in its flight, but 
without any explosion, and it displayed vivid red and orange colours The 
evening was very dark, but the stars were visible, the meteor did not in- 
crease the amount of light in the place where I was walking. According 
to my ‘ star-map,’ I should lay down its course as foUow's ” [ See the sketch 
of the meteor’s course] — T. Humphrey, Hawkhurst, Dec. 20th, 1870. 
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4. 1871, Eeb. 13, 9*^ I*" p.m., Bristol. — “I saw a very brilliant meteor 
last evening, February 13th, at O*’ 4"’. During the time that it continued 
visible the whole of the sky was illuminated by the light it emitted. The 
first appearance of the meteor was not witnessed, but the direction and 
situation of the latter portion of its path was approximately determined. It 
passed through the S. part of Orion, just under Kigel, so [see sketch] . — 
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It disappeared near B, which is equal to about 11 A. 4*^ 10*", Decl. S. 1 5°. 
At A it left a train about 2° in length, which endured for ten minutes. In 
that portion of the sky near which the meteor disappeared many stratus 
clouds were visible. 

P.S. — I omitted to state that the bnUiancy of the meteor excelled that 
of any of the planets. When at its brightest the light was about equal to that 
of a clear full moon I only saw the disappearance.” — Willi \m F. Denning, 
Bristol, February 14th, 1871. 



At Bugby the meteor was observed very bright at about 9^ 10“ p.m., and 
it was desciibed as “ starting fiom near 0 Ononis, and proceeding towards a 
point a little north of y Endani, when it was lost behind a belt of cloud ” 
(Communicated to ‘ Natuie,^ February 16th, 1871, by J M. AVilson ) 

These two descriptions of its visible path (apparently from the relative 
positions of the stations) are so similar that little can be certainly concluded 
from them regarding the real distance of the meteor. 

At Exeter “ a brilliant meteor traversed the constellation of Orion, ap- 
pearing near the Belt and passing from south to west. The direction was 
south-west, altitude 35°. Its hght equalled or exceeded that of full moon, 
and it left a tram of colours for some time ” (‘ English Mechanic,^ Feb 24th.) 

At Torquay, “ The meteor started near Bellatrix in Orion, altitude 35°, 
passing due west, leaving in its track a brilliant train of colours, green pre- 
dominating.” {Ihid., March 3rd ) 

The meteor was also seen at Callington, in Cornwall, casting a brilliant dif- 
fused light, and occupying two seconds in its transit. (Ibid ) 

By comparing together the foregoing observations of its course, and obtain- 
ing an approximate estimation of its real height, Mr. Wood is led to adopt 
the followmg provisional positions of its visible track. The meteor first 
appeared at an elevation of fifty-five miles over the English Channel, seventy 
miles 8.S.W. from Toripiay It thence descended, with an inclination of 
16°, to a height of thirty-five miles over a point sixty-four miles west of 
Torquay, thus describing, from S E by S. to N.W. by N , a path of eighty 
miles in two seconds, across the centre of the county of Cornwall, terminating 
at its western coast, near St. Columb Minor. The radiant of the meteor was 
near a Hydrae. As the meteor was probably distinctly seen m Cornwall, the 
Scilly Isles, and in the south of Ireland, additional descriptions of its appa- 
rent course from those places, as seen from points considerably west of the 
place where it appears to have approached the earth, would afford the best 
materials for verifying the present approximate conjecture of its real path. 
As seen at Torquay, it was notably described by an observer to Mr. Greg as 
lighting up the whole bay and presenting a magnificent appearance. 

1871. D 
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5. 1871, July 3l8t, 9^^ 27“ p.m., Bristol.— “ I observed a meteor of some 
brilliancy on Monday evening last, July Slst, at 9^ 27“. It was first seen a 
little above Pegasi, and passing downwards obliquely, it went about 3° east 
of a Pegasi, and disappeared when it reached a point somewhere near R. A. 13°, 
N. Declin. 29°. It left no tram of light that was perceptible, and I suppose 
that the meteor was visible for about three seconds. As far as could be 


Observations of 


Date. 

Hour. 

Place of 
Observation. 

1 

Apparent Size 

Colour. 

Duration. 

Apparent Course. 

1870 

h m 






Sep. 12 

10 25 pm 

Camden Town, 

3x5^, large disk 

Blue 

Slow moving .. 

Began near « Ursae 

'London. 


Majoris, and end- 
ed near Cor Ca- 
roh 





„ 23 

8 10 p.m 

Birmingham 

One-third diametei 

Pale blue 

About 2 secs 

Commenced at 


of the full moon, 
or 2X 2 



a=66, 5=-f39 



Oct. 2 

10 8 p.m. 

Ibid 

■>% 

Silvery-white 

3 seconds 

«== 




From 92° -1-44° 







to 116 ‘■{’67 

» 29 

12 15 a.m 

Glasgow 

~ u 

Red 

0 4 second . 
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Caroli. 

Nov. 13 

9 37 59 

Royal Observa- 

>2f 

Yellowish .. 

3 seconds .. 
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tory, Green- 




tween « and k 



wich. 




Dracoms, and 
continued its 







path parallel to t, 
and ti Ursae Ma- 







joris 

.. 21 

9 35 p.m 

Glasfi:ow 

= 11 

White ... 

3 seconds 

From 1 (jS, J) Au- 
ngae to o Ursae 











Majoris 

„ 20 

9 0 p.m 

Scarborough .. 

Apparent shape and 

Bluish 


Descended from a 


size of the half- 



point about 15° 




moon. 



above the S.W 

1871. 






horizon. 

Mar. 1 

10 10 p.m 

Charing Cross, 

>V- 

Brilliant white 

About 3 secs 

From near /3 Canis 


London. 




Minons to about 
5° or 6° east of, 
and at the same 
altitude as, « On- 





1 

1 




onis. 

» 17 

About 10 40 
p m 

Pans, Rochelle, 
&c., France. 

Splendid meteor 

Green 

20 seconds .. 





(local time) 
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judged it was of a red colour, and somewhat star-bke in appearance. At the 
time of its appearance the sky was rather cloudy and misty, and the meteor 
was not, therefore, seen advantageously. It did not seem to explode at the 
time of its extinction. I have sent the above particulars thinking they may 
be useful for comparison with other results.” — William F. Denning, Cotham 
Park, Biistol, August 2nd, 1871. 


large Meteors, 1870-71. 


Appearance , Tram or 
Sparks. 

Length of Path and 
Direction 

Remarks. 

Observer and 
References &c 

A very large globular nu- 
cleus Seen through 
haze, which dimmed its 
light 

A globular nucleus, with- 
out tail or streak 

25° , downwards to left 

The stars scarcely visible through 
haze, but recognized sufficiSntly 
near the meteor’s path 

T. Crumplen. 

>10° , directed from Ca- 
pella, ladiant Fj. 

View of the end of its course in- 
tercepted when at an altitude 
of 4° or 5°. 

W, H.Wood. 

Nucleus pear-shaped, with 
short adhering white 
tail, projecting dull-red 
fragments forwards on 
its course , increasing 
and exploding at maxi- 
mum brightness 

From radiant F, 


Id. 

•« •* «•••••• «««t« •• 

5° while m sight, directed 
from 0 Ursse Majoris 

From radiant a Tauri. End of 
path hidden by houses 

Robert Maclure. 

Left a very fine streak . 

40° ... 



T. Wright. 

Left no streak 

15°; from radiant inTaurus 

i 

ft «••••••#••••*# •••• • • 

Robert Maclure. 

The meteor only seen as it 
passed behind the edge 
of a cloud 

Nucleus pear-shaped, fol- 
lowed by a short tram 
for a second. Point of 
first appearance near 
houses, which concealed 
the neighbouring star 
Procyon 

Fell pe 

0 

Pio- 

cyon 

rpendicularly | 

X 

X 

\ 

a, On- 

Appeared with two flashes, which 
lit up all the heavens 

Sky clear. The meteor appeared 
extremely bright in the full 
moonlight. 

i 

T. H. WaUer. 

F. 11 Ward. 

No explosion; but many 
sparks projected from 
the nucleus. Left a lu- 
minous track, which re- 
mained visible for more 
than an hour. 



Seen also at Chichester, 10*^ 30'" 
pm., > ? , from near the ze- 
nith, with a remarkably long 
duration, to near the S.W hori- 
zon. Bright gold colour at 
last, leaving a brilliant tram 
visible for 3 or 4 minutes (* The 
Times,’ Mar. 2l8t) 

Messrs. Prevost, 
Samberg, and 
other obser- 
vers (* Comp- 
tes Rendus,’ 
March 20th, 
1871). 
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Date. 

Hour 

Place of 
Observation. 

Apparent Size. 

Colour 

Duration 

Apparent Course. 

1871. 

h m 






Mar.lS 

12 20 a.m 

Turin and other 

Apparent diameter 

Bnlhant white 

About 2 roi- 

Passed directly over 


(local tune). 

places m Pied- 

of full moon 


nutes. Very 

the town of Turin 


mont. 



protracted 

from the moun- 






course, and 

tains near Susa, 






slow speed 

towards the op- 
posite horizon. 

„ 23 

6 35 p.tn 

Broadstairs 

Disk of apparent 
size of Sinus, in- 

Nucleus green, 


First appearance at 
a point about 30° 

(Kent). 

with red 




eluding his rays 

tram 


above the N. i E. 
horizon. 


24 

4 25 am 

Volpeghno, and 

Nucleus 25' diarae- 

Brilliant white 

Slow and 

From * Cygni, a- 


(local time) 

other stations 

ter. 


stately mo- 

cross » Andro- 


m Piedmont 



tlOll. 

medae, to near ^ 
Pisciiim, or 















From 309° -1-45° 







to 10 -|- 7 

Apr. 11 

9 46 pm. 

Ibid, Moncalieri, 

Nucleus 10' diame- 

Bluish white.. 


«= 

(local time) 

Piedmont 

ter. 



From211°-10° 






to 223 -1-28 
[From 221 -11 
to 111 -1-28 
From 175 -1-15 








to 111 -f32] 

„ 12 

8 15 p ra 

Lodi, Moncalieri, 

Very large and hril 

Reddish, then 


From 111 -b 7 


(local time) 

Piedmont. 

liant. 

bright blue 


to 105 -f 2 

» H 

11 39 pm 

The Observatory, 

-2/ 

White 

•« t** 

From 98 -1-70 


(local time) 

Naples. 




to 15 -1-39 

„ 22 

10 37 30 

Moncalien, 

-n 

• • • 

• • f • * * * • • 

From 233 -1-23 


p m 

Piedmont. 




to 18-1-88 


(local time). 





(Polans) 





1 


[Fiom212 -f20 







to 87 -1-45] 


6. Meteors of the largest class, as described in the foregoing list of such 
occurrences, were more than ordinarily frequent during the months of March 
and April last, appearing principally on the nights of the 17th-18th and 
23rd-24th of March, and on those of the 11th and 12th of April last. On 
the first of these dates two fireballs were observed in Franco and Italy, the 
former of which was also seen in the south of England, at Chichester. A 
large meteor was seen in Kent and Essex, on the second date, a few minutes 
after sunset ; and two detonating meteors were observed at Urbino, and were 
generally visible in Italy on the same night. The third detonating meteor 
of which accounts have reached the Committee, made its appearance in Pied- 
mont on the evening of the 12th of April last. Professor Serpieri and Mr. 
Denza, at the Observatories of Urbino and Moncalieri, near Turin, are collect- 
ing sufficient details of these large meteors to calculate their real course. 


OBSERVATIONS OP LUMINOUS METEORS. 


37 


Appearance ; Train or 
Sparks. 

Length of Path and 
Direction. 

Nucleus an elongated mass 
of stars Left an im- 
mensely broad and 

bright streak, which re- 
mained visible for 10'“ 
or 15™. 

Nucleus followed by a 
tram of red sparks. Ex- 
ploded, projecting many 
luminous fragments. 

Horizontal, from W.N W 
to E.S.E. 

15° , descending towards ' 
the east, at an inclina- 
tion of about 45°. 

Left a few bright red sparks 
and a very persistent 
ruddy streak on its whole 
course. 

•••*«•• » •• 

N ucleus very brilliant. A t 
IT Bootis it paused for 
an instant, and advanced 
with irregular motion 
towaids its termination. 
Left a brilliant streak. 

1 

Left a reddish streak for 


20 seconds. 

Nucleus followed by a 
bright streak, which re- 
mained visible for 3^ 
minutes. 



Remarks. 


ton, Essex, a few minutes after 
sunset, appearing in the E N.E , 
and taking a southerly direction 
(J F Dutliie, ‘ Nature,’ Mar 
30th, 1871 ) 

Hurst with a violent detonation, 
heard about ^ a minute after 
Its disappearance. [Seen, and 
heard at Urbino, where it was 
preceded at 2*' a m by a per 
fectly similar detonating meteor 
equally brilliant, and leaving a 
persistent streak. — A. Skrpi- 

ERI ] 

The last two apparent positions 
are those at Alessandria, and 
Volppglino, where the meteor] 
was also observed ] 


was heard in houses with closed 
doors 


Observer and 
References &c. 


Letter in Turin 
newspaper (by 
F Denza) of| 
Mar Slst. 


Communicated 
by Jas. Chap- 
man. 


Letter in Turin 
newspaper of| 
March 31st, 
1871, by F 
Denza. 


Communicated 
by F. Denza. 


observed at Volpeghno (Tor- 
tona), where the meteor was 
also seen, and its bright streak 
remained visible for one minute.] 


Id. 


Id. 


Id 


III. Aerolites. 

The following dates of aerolitic falls appear to have escaped notice m the 
Catalogue (Keport for 1860) and in subsequent Reports — 

Date 


1804, November 24 

1864, June 26 

1865, February or March 

1866, October 5 

1867, January 19 

1868, May 22 

1868, November 

1868, December 

Date unknown 


San Luis Potosi, Mexico. 
Volynia, Russia. 
Gorruckpore, India. 
Ahmednuggur, Bombay. 
Khetrie, Rajpootana, India. 
Slavetic Croatia. 

Danville, Alabama, U.S. 
Frankfort, Alabama, U.S. 
Goalpara, Assam. 
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The analysis of the last of these meteorites hy Mr. Tschermak (Jahrbuch 
fur Mineralogie, for 1871, p 412) shows approximately the following com- 
position • — 

Iron Hydrocarbon Ohvino Enstatite Magnetic Pyrites 

8 49 +0 85 +61-72 +30 01 +(trace8) =101-07. 

The occurrence of carbonaceous matter in the mcteontes of Hessle, Upsala 
(Ist January, 1869), was recently also recognized by Nordenskjold, who 
found in them a black Hocculent substance, containing 71 per cent, of 
carbon. (The ‘Academy,’ August 15th, 1871.) 

lY. Meteoric Showers. 

1. Meteor-sJiowers in January and February 1837. — From the tracks of 
meteors recorded m the last annual Catalogue of the British Association, and 
in the ‘ Bulletin of the Moncalien Observatory’ for November 18(59, observed 
during the months of January and February of that year, Mr Greg has 
established the existence of the following old, and of one new radiant-point, 
which made their appearance m those months • — 


Duration of meteoric 

Position of radiant- 
point 

Number of 

Symbols, durations, and positions of the same 1 
meteor-8ho^\e^8 in the British Association 
Et port for 1868, p 401 
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and Italian) 

(To 
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m 
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A succession of radiant-points near the apex of the earth’s way following 
the appearance of the November shower, of which the general meteor-shower 
LH (Kcpoit for 1868, p 403) from the head of Hydra, lasting until the 
12th of December, piesents a parallel instance, is remarkably described in the 
following M8 note, recorded by the late Sir J Hcrschel during his residence 
at the Cape — “ Cape of Good Hope, 1837, January 2nd, 1^ 30™ M. T \i. e. 
from midnight] A metcor= second-magnitude star crossed the zenith, leav 
ing a train Course right from the aj>€.v in the ea’it, whence they have all 
come since November 12th. N B. This has been extremely remarkable and 
well-sustained ; really very few exceptions 

“ February 1-5 — The meteors now chiefly go from S W to N E.” 

The tendency of radiant-points to group themselves in families so as to 
make newly observed centres diiflcult to distinguish from older ones appear- 
ing nearly on the same date, is well seen by the examples of the new radiant- 
point in Orion, and of the extensions (apparently) of old radiant-pomts, pointed 
out by Mr. Greg. Some attempts to explain this singular peculianty and 
the stnking instances of groups of radiant-pomts in the months of January 
and February have recently been published by Professor Schiaparelli, a fur- 
ther account of whose speculations on their probable history will be found at 
the close of this Report. 
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2. The Meteor-shower of November 1868, which was seen in its greatest 
hnllianoy in the United States of America, and which was also partially- 
recorded at Glasgow, by Professor Grant, between 5 and 6 o’clock on the 
morning of the 14th of November, was observed at the same hours in the 
north of Scotland, and described m the ‘ Journal of the Scottish Meteorolo- 
gical Society’ (for December 1808) . — Meteors and Falling-stars — The star- 
shower of the 13th and 14th of November was observed at many of the 
stations. In the north it was very fine. Mr. Clark, the observer at North 
Unst, writes . — ‘ On the morning of the 14th there was a great falling of 
shooting-stars from all directions of the sky , it was something like a shower 
of stars ’ And the Rev. Dr. Hamilton observes that at Bressay ‘ There 
was an extraordinary meteoric shower, which continued from 3'' 30’” a m. of 
the 13th p 14th] till the sun rose, and the number of stars or meteors falhng 
was innumerable.’ ” The following descriptions of its appearance in Swit- 
zerland are given by Dr. Rudolf Wolf in his ‘Astronomical Contributions’: — 
“ 1868, November 13th: from 1 2’’ 5'" to 12" 15"’ I saw four, from 12" IS*” 
to 12" SO*" nine, and from 12" 30'" to 12" 40'" two brilliant meteors radia- 
ting from the constellation Leo. The sky (up to the latter time quite clear) 
then clouded over from the cast, and all further view of the meteors at 
Zurich was prevented. Mr. Rieder, at Klosters, reports — ‘As an unusual 
phenomenon 1 have to state that at 4" 15"' on the morning of the 14th of 
November, 1808, an extraordinary number of shooting- stars were visible in 
the western sky ; from five until six o’clock a real rain of shooting-stars took 
place, diffusing such great brightness that one might easily have read by 
their light. Several of the meteors left streaks of bnght light in the sky, 
which remained visible for two or three seconds ’ At l^ngelbcrg ‘ from five 
until after six o’clock a m on the morning of the 14th of November, repeated 
flashes of lightning were perceived, and shortly before five o’clock a swiftly 
passing flash, like a ball of light, was obseived, whilst the sky was com- 
pletely overcast ’ ” An admirably compiled history of the November pheno- 
menon in the year 1 868, comprising the exact details of observations at aU 
the places where it was well observed, and notices of its general description 
at places in all parts of Europe, the United States of America, and the 
Atlantic, where it was witnessed, is published in his Memoiis V and VI , on 
‘ Shooting-stars of November 1868 and August 1869,’ by Sig E Denza. The 
same volume contains (in the sixth memoir) an equally full collection of obser- 
vations and theoretical deductions of great value regarding the appearance of 
the August meteor-shower in the year 1869. Among the latter may be cited 
the suggestion of Professor Newton*, borne out by the observations of the 
shower made in America, and by those of Professor Serpieri at Urbino in 
that yearf, that the radiant -region of the Perseids is m reality a narrow, 
elongated space extending from near the cluster at ^ Persei to the star B 
(B. A. C. 1058) Camelopaidi The radiant-icgion of the Leonids in the pre- 
vious year was similaily observed by Professor Newton to be better repre- 
sented by a short line extending between the stars e, y Looms, from about the 
star Xf 111 the centre of the Sickle (B. A. C. 3423b to the latter star, than by a 
single point. The direction of elongation of the radiant-region is towards the 
sun’s apparent place, a conclusion which is regarded by Prof. Newton as throw- 
ing light of some importance upon the theory of the November meteor-stream. 

* Bulletins of the Royal Academy of Sciences of Belgium, ser. 2 vol ixvi 1868, 
pp 450, 451 

t Letter from Prof Serpiori to Prof Schiaparelli, January 5th, 1870, communicated 
to the Royal Institute of Sciences of Lombardy. 
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3. The August Shower in 1870. — In the ‘Meteorological Bulletin’ of the 
Moncalieri Observatory for October 1870, the first results of observations in 
Piedmont on the star-shower of the 10th and 11th of August last are com- 
municated. As already observed m the last Report, the frequency of the 
meteors did not exceed the ordinary average of the shower, and they were 
somewhat more frequent on the night of the 10th than on that of the 11th 
of August. They appeared to proceed from several radiant-points, besides 
the principal one of the shower, in Perseus. Among the contemporaneous 
radiant-points, T^, Pj (the former occurring in August in Pegasus, and the 
latter usually appearing in Auriga in the latter part of September) were 
observed to be conspicuous; 

4. The November Shower in 1870. — The preparations made for recording 
the return of the November meteors in 1870 were in a great measure disap- 
pointed by the cloudy state of the sky at several of the English stations. 

The following letter fiom Mr. Backhouse announced a more favourable 
condition of the sky at Sunderland on the morning of the 14th of November 
than that which prevailed at Manchester, Birmingham, York, and London, 
where no meteors of the shower could be observed — 

“ Between 2'' 20"* and 3‘* 42“ a.m., on the 14th, I watched for meteors ; I 
only saw seven in fifty-six minutes, watching in a cloudless sky. Of these 
only four belonged to the shower. I enclose the particulars. I did not 
watch much on the morning of the 15th. It was mostly cloudy, and I saw 
no meteors.” — Of the conformable meteors two left trams, one was station- 
ary close to, and the others radiating very nearly from, the small star x 
Leonis. The unconformablo meteors appeared with short courses in and near 
the constellation Taurus, and of these one was as bright as Sinus. It was 
of a yellow colour, describing a path of 3°, near e Arictis, from the direction 
of the Pleiades, and it left no streak. 

Five meteors, from undetermined radiant-points, were seen through breaks 
in the clouds by Mr. J. E Clark, at York, on the morning of the 14th, and 
two Leonids of some bnghtness, in a watch of one hour (interrupted by the 
clouds), on the morning of the 15th of November. 

On the morning of the 14th of November the sky was clear at Glasgow 
from 2** 10“ until 5^ 15“ a.m., and twenty-six meteors wore recorded by 
Mr. A. S. Horschel, of which twenty-one were conformable Of the latter 
the paths of eleven, prolonged backwards, crossed, and of five passed close to 
the curve of Leo’s sickle. Seven meteors left persistent streaks, which were 
faintly visible in the fuU moonhght. The proportion of magmtudes of the 
conformable meteors was : — 

Of meteors equal to or brighter than a ist-mag * ; 2nd do , 3rd do. ; 4th do. 

Number of meteors seen 3 6 7 5 

Meteors of smaller magnitudes were rendered invisible by the moon’s light ; 
and the most striking conformable meteor of the shower, recorded at 
4** 25“ A.M., was as bright as Sinus. It described a course of 25°, directed 
nearly from fi Leonis, m three-quarters of a second, and left a broad streak 
on its whole path for two seconds. The following numbers of conformable 
and unconformablo meteors were recorded in the half-hours ending at 



h m 

h m 

h m 

h m 

h m 

h m 

1870, November 14th, am 

.. ^ 40 

3 10 

3 40 

4 10 

440 

S 10 

Conformable meteors 

I 

4 

6 

2 

5 

3 

Unconformablo meteors 

1 

0 

0 

4 

0 

0 


In the first and last half-hours the sky was partially concealed by clouds ; 
at 3 ** 38 “ A M. a group of three first-, second-, and third-magnitude meteors. 
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leaving streaks directed from Leo, appeared almost together. In the next 
half-hour two meteors, directed apparently from Cor Caroli, appeared to be 
unconformable to the Leo radiant. The remaining unconforraablo meteors 
all proceeded from the direction of a radiant-point in Taurus, At 5*' 15"* a.m. 
the sky became completely overcast ; but a shooting-star from the direction 
of Leo, of first magnitude, was observed by Mr. R. Maclure, at S'* 20"* a.m., 
through an opening of the clouds. On the morning of the 15th the sky at 
Glasgow was again completely overcast. 

On the evening of the 13th a bright meteor (described in the above List) 
was seen at the Royal Observatory, Greenwich, and three vivid flashes of 
light, between 12'* 15"* and 12'* 30"* a m., on the 14th, which must have pro- 
ceeded from large meteors, at an cdtitude of about 20°, due S. were seen 
through the clouds, which from this time overspread the sky durmg the 
remainder of the night. On the morning of the 15th a clear sky enabled 
Mr. Glaisher’s staff of observers to make continuous observations of the 
meteors visible in the bright moonlight, from midnight until 5** 33"* a.m., 
when the sky was again quite obscured by clouds. Fifty-three meteors were 
recorded, in this interval by the five observers, the apparent paths of forty- 
five of which were traced upon a map. Of the meteors so recorded, twenty- 
eight proceeded from the usual radiant-pomt in Leo, eight from a radiant- 
pomt situated apparently not tar from Cor Caroli, seven from a radiant-point 
between Taurus and Musca, and two meteors from uncertain radiant-points. 

The following were the numbers of the meteors observed in the successive 
half-hours ending at 

hm hlim h hm h hra h hm h hm 
1870, November 15th, A M .. 1230 i 130 2 230 3 3 30 4 4 30 5 530 Total 
Number of meteors seen ... 223221768713 53 

A very beautiful meteor of bluish-white colour, and of the apparent size and 
brightness of Jupiter, proceeding apparently from the direction of the radiant- 
point in Musca, descended towards the east, at 4'* 45"* 25® a.m., through an 
arc of more than 25°, in about three seconds, leaving a streak of light upon 
its course Most of the conformable meteors left a persistent train, but none 
of those observed rivalled this fine meteor in brightness or in length of 
course. The proportion of apparent magnitudes of the remaining meteors, 
seen durmg the watch is shown in the following list • — 

Brighter than first-magnitude stars , raistdo. , = 2nd do , = 3rd do Total 

Number of meteors seen .6 24 17 5 52 

From these descriptions of the meteor-shower it appears that, on both the 
mornings of the 14th and 15th of November, the number of the conformable 
meteors considerably exceeded that of the unconformable meteors which 
appeared dunug the hours of the continued watch , but that the scale of the 
shower, as it was observed m England, was very far inferior to the brightness 
with which it was recorded in the preceding year. 

At Tooting, near London, Mr. H. W. Jackson observed on the mornings of 
the 14th, 15th, and 16th of November, and noted one shooting-star on the 
night of the 13th, but failed, on account of haze and clouds, followed by ram 
during the morning of the 14th, in securing another observation. Between 
midnight and 1'* 55“* a.m., on the morning of the 15th, eight meteors were 
carefully observed and mapped, and four or five smaller meteors were seen, 
all but two of which (of short course, near the radiant-point in Taurus) were 
conformable to the Leo radiant-pomt. Of these, the brightest, at I** 5"* a.m., 
which left a long streak, was simultaneously observed at Greenwich. Of the 
two unconformable meteors, that which appeared at 12** 7"* a.m. was white 
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and nearly as bright as Jnpiter, moving for two seconds in a slightly curved 
course from r to }p Orionis, and leaving a short streak upon its track. 
Mashes of faint reddish lightning were perceived at 12** 28"* and 12** 53“ a.m. 
Between 12** 30“ and 1** 30“ a.m. on the morning of the 16th some meteors 
were observed, but did not appear to present features worthy of special note. 

At Newhaven, in the United States, three observers noted, in three hours, 
thirty-one meteors, of which only six were conformable to the radiant-point 
in Leo. On the following morning (the 14th) Professor Newton, with five 
other observers, obtained the following enumeration of the meteors visible in 
the half-hours ending at 1870, November 14th, a.m : — 

h m h h m h h ni h h m h h m h m 

(1870, November 13th, r M .. 1130 12) 1230 i 130 2 230 3 330 345* Totals 

Conformable meteors o i 51012915812 7 79 

Unconformable meteors .... 6 8 4 78 10 157 7 2 74 

After 3** 45“ the sky was so nearly overcast that regular counting was 
abandoned, while in open spaces of the sky it was still apparent that up to 
BIX o’clock no marked increase in the number of the meteors had taken place. 
After half-past five, however, the clouds already began more nearly to cover 
the sky. (Amencan Journal of Science and Arts, vol 1 ., January 1871.) 

5. Meteor-showe') of December 12th, 1870. — The state of the sky was not 
generally favourable for observations, Mr. H. W. Jackson reporting from 
Louth that on the nights of the 12th and 13th the sky was overcast, with 
frequent rain from 8** 30“ r m. on the night of the 12th. At Glasgow, York, 
and Manchester it was equally obscnicd. At Biimingham Mr. W. H. Wood 
was more fortunate in securing a short view of the sky on one of the periodic 
nights, and the following is his description of the shower • — 

The overcast state of the skies from the 10th to the 13th permitted only 
of a partial view of the character of the shower, which occurred during a 
temporal y clearance of the sky for one hour only, from 11’* 30“ r m. on the 
12th to 12** 30“ a M on the i3th. Five meteors were recorded in three- 
quarters of an hour, radiating accurately from radiant G (0 Geminorum). 
Meteors white or blue, and trainless (one observer) ” A list of the recorded 
paths, and a description of the meteors seen, accompanies Mr Wood’s report. 
The position of the radiant-point from which the meteors approximately 
diverged was near the stars k and m Gemini. 

No observations were recorded, owing to a cloudy state of the sky, on the 
shower-meteor nights of the 1st and 2nd of January, 187]. 

6. Meteor-shower of April 2Qth, 1871. — The last well-marked appearance 
of the April meteor-shower, to tlie annual occurrence of which attention 
was first drawn by Heriick, 111 the United States, took place on the morning 
of the 21st of April, 1863 1, when, for a few hours, meteors were observed 
by Mr. Wood, at Weston-super-Mare, to bo as frequent as in a moderately 
bnght August star-shower. Two Julian intervals of four years each having 
elapsed since that occurrence, the astronomical conditions of its reappearance 
suggested special preparations and a simultaneous watch, which were ac- 
cordingly made for its return. Besides the staff of observers at the Koyal 
Observatory, Greenwich, Mr. Glaishcr’s son, Mr. James Glaisher, volunteered 
to take part in the observations at Cambridge, where Professor Adams also 
offered his aid, to join in recording the shooting-stars which might be visible at 
the Observatory. The other observers who awaited the display were those 
who have most frequently assisted the Committee by their recorded observa- 
tions at Glasgow, York, Manchester, Birmingham, and London. Such, how- 

* In a quarter of an hour t Eeport for 1863 , p. 32 o 
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ever, was the unfavourable state of the sky which prevailed during the 
forty-eight hours intended to have been devoted to the watch (and which 
continued to prevent further observations dunng the last remaining nights 
of the months of April), that with the exception of a few meteors of the 
shower observed by Mr. Wood at Birmingham, and of the corresponding 
group of meteors recorded by Mr. Herschel at Bury St. Edmunds, no un- 
broken senes of observations were received. The sky first became quite clear 
at the latter place at O*' 30“ r m., and the following numbers of meteors were 
«een in the half-hours ending at — 

h m h h m h h m h h m 

1871 ,April 20 .... pm 930 10 1030 ii 1130 12 (1230AM April 21 ) Total 

Number of meteors seen . .3131116 15 

All but eight of their apparent paths, projected upon a map, when prolonged 
backwards, pass across a circular area about 15° m width, of which the 
centre is at a point m B A. 267°, N. Decl. 35°. Nine of these conformable 
meteors left bright trains. Of the eight unconformable meteors, four are 
widely erratic meteors of the same shower, and the remaining four moving 
in the opposite direction were directed from an unknown radiant-point m the 
south. The path of one of the latter was remarkably serpentine in the latter 
portion of the meteor’s course The following are the numbers of meteors of 
the different magnitudes observed — 

As bright as Jupiter or Sinus As 1 st mag star 2 nd 3 rd 4 th 5 th Total 
3 4 5 5 4 4 25 

The last meteor was observed at 12’' 35“ a m. on the 2 l 8 t The sky then 
rapidly clouding over did not permit the progress of the shower, at Bury 8t. 
Edmunds, to be further watched. On the previous and on the following 
night the sky was also cloudy. 

At Birmingham Mr W. H. Wood recorded the appearance of nme 
shooting-stars between the hours of 10’' 20“ and 11’' 30“ r m on the night of 
the 20th of April, five of which weic noted in the first, and four in the latter 
half of the watch ; five meteors diverged from the constellation LjTa, three 
from that of Coiona, and the remaining meteor moved transversely to the 
former ones fiom the neighbourhood of Polaris. The numbers of meteors 
seen of different magnitudes were, 1= Sinus, 2 = 1st mag*, l=3rd do, 
5= 4th do total 9 meteors The brightest meteor of the shower moved with a 
nucleus of brilliant blue, flickering light, about the brightness of Sinus, from the 
direction of Corona Soon after half-past 1 1 o’clock the sky became over- 
cast, and remained so at 1’' and 2’’ a m. on the morning of the 21st, when 
regular watching was abandoned. The maximum, as far as could be ascer- 
tained from these observations, occurred after midnight on the morning of 
the 2l8t , the rate of apparition for one obs(>rvcr, while the sky was clear, 
being seven or eight per hour between ten and eleven o’clock, and twelve or 
fifteen per hour during the half-hour immediately before and that imme- 
diately after midnight. Between 11’' 15“ and 11’' 45“ r m on the night of 
the 2i8t, Mr. Wood observed no meteors at Birmingham, although onc-third 
of the sky was visible, quite clear, through the broken clouds The appear- 
ance of the April shower in this year appears, therefore, to have taken place 
on the date and at about the hour expected for its return, from the time 
of its last conspicuous appearance. 

7. Meteor- shower of July 1871 — At sea, between Norway and England, 
Mr. A. S. Herschel watched for the periodical meteors (first pointed out by 
Capocci, at Naples) on the night of the 16th of July. The sky was perfectly 
clear from 11’' p.m. until 2’' a.m. on the morning of the 17th of July, and 
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seventeen meteors were observed, six in the first, six in the second, and 
five in tho third hour of the watch. On the night of the 17th the sky was 
again clear ; but three meteors only were observed m three-quarters of an 
hour, between 10** 55“ and 11** 40"* p.m. The meteors observed on both 
nights were small, and appeared generally with short courses near a radiant- 
region around rr Herculis, from which they appeared to diverge. The num- 
ber of meteors seen of the different magnitudes were, 2=3l8t mag.*, 4= 2nd, 
4= 3rd, 6= 4th, 4= 5th: total 20 meteors seen in 3| hours by one observer, 
in a clear sky, with no moon. 

V. Papers eelatestg to Meteoric Astronomy. 

1. Under the title * Alcuni Pcsultati Prcliminari tratti dalle osservazioni 
di Stelle Cadcnti publicato nelle Effemende degli anni 1868, 1869, 1870 
Professor Schiaparelli communicates, in connexion with the three Catalogues 
of Shooting-Stars observed in Italy, published in tho Ephomeris of the Milan 
Observatory for the years 1868, 1869, and 1870, a first report on the radiant- 
points obtained by mapping tho meteor-tracks contained in them from Janu- 
ary to June. For a convenient nomenclature of the radiant-points, the year 
is divided into seventy-two pentads, of five days each, of which six are con- 
tained in every month. While the first five pentads m every month are 
complete, the sixth, and last, consists of three, four, five, or six days, ac- 
cording to tho length of the month to which it belongs. Since, however, the 
observations for a single night of tho year only (collected from all the years) 
are combmed together to detect the radiant-points, of which several may 
occur in each pentad, the letters of the alphabet added to the Homan num- 
ber of a pentad (thus, XIX. a) designate the radiant-pomts in those pentads in 
the order in which they were successively discovered by Professor Schia- 
parelli. Besides a strict separation of meteors observed on one from those 
observed on the next following or on the next preceding night, to avoid tho 
risk of confusing together meteors belonging to different radiant-points under 
a false assemblage of two radiant-points into a single mctconc-shower, Pro- 
fessor Schiaparelli distinguishes as different meteor-currents those whoso 
radiant-pomts, as shown by laying down the recorded paths, are more than 
apart. 1*110 precision with which tho radiant-pomts must be determined 
(from the shooting-star observations of a single night) is necessarily very 
great, in order that this rule may be rigorously applied. Even omitting the 
errors of observation (which are frequently considerable), it is found that 
different meteoric showers present different characters of radiation. In some 
the radiant-region is small, and the meteor-tracks prolonged backwards meet 
nearly in a point, when it is called “ exact in others it is larger, the meteor- 
tracks prolonged backwards crossing each other m a confused manner over a 
considerable apparent space, m which case it is called “ diffuse.’* The 
shooting -stars which make their appearance within the radiant-region (when 
this 18 rather largo) may appear to be moving m every variety of opposite direc- 
tions, and their paths are usually noticed to be extremely foreshortened by 
perspective in this position. Lastly, if they diverge from Wo or more points 
the character of tho radiation is said to bo double or multiple ; and it ap- 
pears probable, on certain theoretical grounds, which will be shortly stated, 
that a diffuse radiant-region in general arises from tho close assemblage of 
many radiant-pomts together into a multiple group. The November meteor- 
shower is an example of exact, and the August star-shower an instance 
either of multiple or of diffuse radiation, according to tho various descriptions 
of the observers who have examined the direction of its radiant-point most 
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attentively. Meteoric showers composed principally of very small shooting- 
stars are confined to the parts of the heavens immediately surrounding the 
radiant-point ; while those consisting of large meteors spread far from the 
centre of divergence, the meteors (apparently from their brightness) being as 
plainly visible when they are seen by transverse as when they are seen fore- 
shortened by very oblique vision. Meteor-showers of the former kind are 
called “contracted’^; and of the latter kind “extended” {stretta, largo). The 
foregoing are tho principal terms employed by Professor Schiaparelli in de- 
scribing the meteor-showers of which the positions of the radiant-points have 
now been published. The explanation of tho phenomena of “ diffuse ” and 
“ multiple ” radiant-points is ingeniously supplied by Professor Schiaparelli 
in the following manner. A very small nebular mass of meteoroids or of 
cometoids having been deflected from its onginal parabolic (or very excen- 
tnc) into an orbit of moderate period round the sun by the attraction of some 
powerful planet in its path, the foremost and swiftest particles of tho stream 
produced by this disturbance gradually gaining, and tho slowest losing 
ground on the central particles of tho mass, an elongated form of tho mass is 
gradually assumed directed along the line of tho meteoric orbit. The dif- 
ference of velocity, or of penodic time, between the foremost and hindmost 
particles of the row is sufficient to ensure the gradual lengthening of the hne, 
until the foremost particle joins with the last in forming a continuous nng or 
wreath of meteoric substance closing the orbit of the original meteoric cloud. 
Should tho two ends, before meeting each other (as must usually be the case), 
have undergone different perturbations from the action of the planets, in- 
stead of exactly overtaking the retreating end, the foiemost end of the wreath 
will overlap it, and tho meteor-stream will begin to assume the form of a 
spiral curve of a single coil. When the foremost end has gamed two revolu- 
tions upon the ictrcatmg one, a spiral of two coils will be pioduced , and 
continuing this process dunng many revolutions gained by one end of the 
coil upon the other, the wreath of meteoroids, without losing its continuity, 
wiU at last form an endless hoop, or belt, of many strands overlying and 
interlacing with each other in as many convolutions as the fastest particles 
have gained revolutions in their course upon the slower ones. The direction 
and velocity of the particles in one of the strands will also differ as widely as 
their positions from those of particles in a neighbouring strand, and tho whole 
wreath, without ever losing its perfect continuity from end to end, will cross 
and recross itself in constantly going and returning waves. In these stages 
of transformation a meteoric stream would successively exhibit the characters 
of double and multiple radiant-pomts. Supposing the same process to con- 
tinue, and new perturbations of the stream to be constantly deflecting par- 
ticles from the front or rear into diftcrcnt courses, these jmrticles overtaking 
each other at the point where the earth passes through the stream would 
produce the mixed assemblage of radiant-pomts and of directions of the 
meteors of tho August shower, which give it the character of multiple or of 
diffuse radiation. In the following list of radiant-pomts those marked with 
an asterisk (*) were described m the last Report (1870, p. 98) ; those at the 
end of the hst are not included by Prof. Schiaparelli m his present list, which 
only represents tho most important radiant-pomts observed, at present, m the 
first half of the year. In tho cases where their identity with radiant-pomts 
in Heis’s list, or m that of tho British Association t, is suggested by Pro- 
fessor SchiaparcUi, tho position and duration of those radiant-points are 
added for comparison in the same columns of the Table. 

t Report for 1868, p. 401 et seq 



46 


REPORT — 1871. 


list of the Principal Meteoric showers occurnng m the first half of the year whose radiant- 
points are derived from observations of shooting-stars in Italy, published in the Ephemerides 
of the Milan Observatory, for the years 1868, 1869, and 1870. By G. V. Schiaparelli. 


Signor 

Symbol 

Date and 
duration of 
shower. 

Apparent 

Position 

Cliaracter of 
radiation. 

Characters of the Meteors, 
General Eemarks, &c. 

Authority. 

a 

b. 






0 

0 

[act 


1 

II a 

Jan 6 

199 

4 " 5 ^ 

Contracted and ex- 

Observed in 1868 and 1869 

Schiaparelli 

Hi 

Jan 6 . 

17s 

-f-48 

»• •• ••• •• 

)) n If ••• 

» 

Ilia* 

Jan 11-12 

r 184 
1 182 

+28 

4-29 

• • 

.Jan. II, 1869 1 

Jan. 12, 1869/ 


[MG, 

Jan 1-25 . 

I187 

+ 3 > 1 
4-40/ 

• 

Maximum Jan 24 

E P. Grog J 

III 6 

Jan 12 

197 

+ 59 

Contracted and ex- 

Jan 12, 1869 (traces on Jan 11, 

Schiaparelli 




act 

1869), possibly a continuation ol 
11 a 



IV a* 

Jan 18 

232 

4-36 

Most certain and 

A splendidly well-defined meteor- 

7 ) 

IV 6 

Jan 19 

exact 

shower Jan 1 8 (traces on Jan 
19), 1869 

.Jan 19 (traces on the i8th), 1869 


198 

+ 28 


)) 

IV c 

Jan 19 .. 

220 

4-40 

Many small meteors Jan 19 {no 








trace on tho i8th), 1869. 


IV 

Jan 19 

200 

+ 58 

Contracted and ex- 

Jan 19 (no traces on i8th), 1869, 

n 



act 

apparently independent of 11 a, 
1116 , and Vb Irom absence ot 
intermediate meteors 




Va 

Jan 21 

205 

+49 


Jan 21 (no trace on i9tli and 2otli), 





1869 Independent ol the ra- 
diants IV d, VI a 




Vb. 

Jan 24 

200 

+ 56 

Uncertain to 5® , 

Jan 24, 1868, many meteors ''Con- 

f) 




difluse, perhaps 

noctod with VI a, VI b see 






multiple 

tlie follo\Mng Table (p 48 ). 


Via 

Jan. 25-27 

205 

+47 

Uncertain to 5° 

Cliiefly Jan 27, 1868 (Perhaps 
identical with the last ?) 

)i 

VI b. 

Jan 29 .. 

198 

+ 54 

Extended , diffuse, 

Jan 29, 1868 No traces of this 



perliaps multiple 

shower on Jan 28 


Vic* 

Jan. 28 .. 

236 

+25 

Extended , confus- 

Jan 28,1868 ? If connected with| 




ed, but distinct 

VI d Jan 30 , no intermediate 
meteors 




VIg* 

Jan 28 ... 

67 

+^5 

Diffuse 

Jan 28,1868 [Probably identical 

j) 




witli the next ] 


[AG,. 

Dec 20-Feb 

68 

4-20 

Elongated and dif- 

Maximum Dec 24 

E P Greg] 

6 



fuse 


VI 

Jan. 30 ... 

225 

+ 34 

Extended, uncer- 

Jan. 30, 1868. ?Connected with 



tain to 10° 

VI c, Vie, but no intermediate 







meteors with IV a 


Vic. 

Jan 31 

221 

■j-28 

Contracted , well- 

Jan 31, 1868. PConnected mono 

)) 



defined 

group with IV a, IV c, VI c and 
VI d see following Table (p 48 ) 




Vlf* 

Jan. 31 .. 

134' 

+40 

Pew meteors 

Jan 31, 1868 Traces on preced- 

)i 






ing evenings. 


[M„ 

Jan 2-Feb 

128 

4-40 


Maximum Jan. 25-31 . 

E. P.Greg] 

Vila. 

9 

Feb 3 

153 

+21 

Contracted and ex- 

Feb 3, 1869 , a few traces on pre- 

Schiaparelli. 





act 

ceding nights 

Xa*. 

Feb 16 . 

74 

4-48 

Apparently double 

Feb 16, 1868 Traces on the 15 th 




(71 

+41) 

and exact. 

A few meteors only from the se- 
cond radiant-pomt Identical 







with the next. 


[A3, 4, 

Feb 9-17 

73 

+40 

Well-defined and 

• • * • * • * • 

E. P.Greg] 




limited. 
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Sign or 
Symbol. 

Date and 
duration of 
shower 

App 

Pos 

a 

arent 

ition 

b 

Character of 
radiation 

Characters of the Meteors, 
General Eemarks, &c 

Authority 


Feb 15-28 

0 

76 

0 

+40 


• • • 


Ileis ] 

XVI a*. 

Mar 20 .. 

144 

4 " 4 ^ 

Centre of an elon- 

Mar 20, 1868 From « = i3o° 

Schiaparelli. 





gated radiant-re- 

5 = +46° to «= 162° ( 5 = +60° , 






gion 

evidently identical with the next 


[M, 

Mar 16-31 

150 

+47 




Heis.] 

XIX a 

Mar 31- 

260 

+46 


Mar 31, 1868 

] Endures three days 

Schiaparelli 


Apr 2. 

262 

+49 


April 2, 1868 

1 Perhaps connected 







and 1869 

J as a twin-radiant 








with the next 


XIX b* 

Apr. 2-3 ... 

258 

+36 


Apr 2, 1868 ■ 

Distinct from but 







and 1869 

may belong to the 




260 

4-40 


Apr 3, 1868 

same tamilyasGregS 


XX a. 

Apr 9 

^55 

+36 


Apr 9, 1869^ 

QII, withceiitronear 








TT Herculis 


XX b 

Apr 9 

246 

+46 


Apr 9, 1869 

Twin -radiant with 

>1 

XX 

Apr, 10 . 

163 

+47 


y 11c iCVDL 

Apr 10, 1869 

Traces on Apr 9 

)» 






?lt connected with XXl h , no in- 







termediate meteors 


XXI a*. 

Api II 

193 

+ n 

Extended , unexact 

Apr II, 1869, no traces on adja- 







cent nights 

belongs to the same 







family as the two next 


S4 

Apr 1-15 . 

185 

+22 

* • • * • 



Heis 

s,. 

Apr 20 

199 

+ 14 

•••• »* 



>> 

[M«. 

Apr 20 ...j 

160 

+49 


Apparently belonging to the same 

Hois ] 






family as XX c and XXI A 


XXI 6* 

Apr 14 ... 

167 

+47 

» 

Apr 14, 1868 and 1869 Connect- 

Schiaparelli. 






ed by no 

meteors with XX c, 







among many observed on inter- 







mediate nights 


XXIII a* 

Apr. 25 

142 

+53 

Well - determined 

Apr 25, 1868. 

Appears to have no 


1 




and exact 

connection with any other me- 







teoric shower 


XXV rt* 

Apr 30- 

237, 

+35 


Apr 30, 1867 

1 Apparently con- 



May I 




and 1868 

Inected or identical 




237' 

+ 35 


May I, 1868 

J with the two next. 


[Q. 

Apr 23- 

235 

+ 50 


• • « 

» • 

E P Greg ] 


June 4 







[% 

May 1-3 1 

232 

+27 


• • « 

. 

Heis ] 

XXXIII a* 

June 13-14 

280 

+ 35 

Wo'll-deiined ... 

June 13, 1869 On this and pre- 

Schiaparelli. 






viouB evening some meteors from 







direction ot Vega (Zezioh) 







June 14, 1869 Perhaps identical 







or of the same system with the 







next 



[W. 

M^ 6- 

280 

+ 39 

f • • 

• * 


E. P. Greg] 


June 20 








Eadiant-pomts contained in the former and omitted in the present list (see Eeport for 1870 , p 98 ) 


No 6 

Feb 6 

183 

+56' 





„ 12 
,, 16 

Apr. 13 ... 

231 

+27 




Schiaparelli 

May 22 ... 

232 

+25 

1 


** I 

M 18 . 

June 30 ... 

240 

+19J 

I 





As many of the foregoing radiant-points, although separated from each other in position, or 
by nights in which no intermediate meteors were observed, nevertheless possess in common 
feome features of vety close resemblance, they are regarded by Professor Schiaparelli 
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as forming, in some cases, distinct meteor-systems or families of radiant- 
points, of which the principal, occurring in the first half of the year, may be 
grouped as follows . — 

Families or groups of Radiant-points. 


Sym- 

bol 

Date. 

Position. 

General 

centre. 

Refer- 

ence 

Sym- 

bol 

Date. 

Position 

General 

centre 

Refer- 

ence 

a* 

d. 

Ct 

d 

II a. 
lUb 
IV d 
Va 
Vb. 
VI a. 
Ylb 

Jan. 6 ... 

„ IZ ... 

,, 19 ... 

>» *4 
» *5-^7 

0 

199 

197 

200 
205 
200 

20 <; 

198 

0 

+ 5^ 
+ 59 
+ 58 

+49 
+ 56 

+47 
+ 54 

Between 
t) and ^ 
Ursoe 
Majoris 

\ 

% 

k 

s 

0 

XIX a 

XIX b 
XX'd 
XXb 

[QIL 

Mar 31- 
Apr 2 
Apr 2-3 
Apr 9 
Apr 9 . 
Mar 15- 
Apr 23 

0 

261 

259 

^55 

246 

268 

0 

+48 

+ 38 

+ 36 
+46 

+^5 

] **1 ^ 
r 1 i 

) j 

In Corbe 
rus 

5- 

Sclnapa- 

relli 

R P 
Greg] 

IV a 
IV c 
Vic 
VI d 
Vie 

Jan 18.. 

M *9” 

„ 28 . 

„ 30.. 

232 

220 

236 

225 

221 

+ 36 
+40 

+25 

+ 34 
+a8 

Between 
a Corona) 
and 

5 Bootis 

J 

L ^ 
r ^ 
2 

' 4 

GQ 

XXI a 
[S4 
[S5 

Apr II 
Apr 1-15 
Apr 20 

193 

185 

199 

+ 11 
4-22 

+ 14 

Between 
b and 6 
Virginia 

Sebiapa 
lllois ] 
Heis ] 

XX e 

XXI b 

Apr 10 
Apr 14 
Apr 20 

163 
167 
1 60 

+47 

+47 

+49 

• 


Scliiapa- 
relli 
Ileis ] 


Should the effect of planetary perturbations, which retarded the return of 
Halley’s comet in the year 1859 nearly one month from the time of its perihelion 
passage, as calculated by D’Alembert and Clairault, also explain the wide differ- 
ence between the separate coils of spiral meteoric streams apparently encoun- 
tered by the earth in the meteor- systems of which the above groups or families 
of radiant-points appear to present unmistakable examples, a new field of 
investigation in meteoric astronomy, and of future observation and research, 
is beginning to unfold itself m these new and interesting discoveries. 

2. On Cornets and Meteors^ by Professor Kirkwood, Indiana University, 
U.S. (read before the American Philosophical Society, November 19, 1860). 
In an able treatise on “ Meteoric Astronomy,” already noticed in these 
Reports (for 1868, p. 418), a short Appendix (B) at the end of the volume 
on “ Comets and Meteors ” expresses the views on their connexion which 
Professor Kirkwood communicated, so long ago as July 1861, to the ‘ Danville 
Quarterly Review’ for December in that year. “Different views are enter- 
tained by astronomers in regard to the ornjin of comets, some believing them 
to enter the solar system ah extra, others supposing them to have originated 
within its limits. The former is the hypothesis of Laplace, and is regarded 

with favour by many eminent astronomers Now, according to 

Laplace’s hypothesis, patches of nebulous matter have been left nearly in 
equihbnum in the interstellar spaces As the sun in his progress ap- 
proaches such clusters, they must, by virtue of his attraction, move towards 
the centre of our system, the nearer portions with greater velocity than the 
more remote. The nebulous fragments thus drawn into our system would 
constitute comets ; those of the same cluster would enter the solar domain at 
periods not very distant from each other, ... If we adopt Laplace’s hy- 
pothesis of the origin of cometS;^ we may suppose an almost continuous fall of 
primitive nebular matter toward the centre of our system — the drops of 
which, penetrating the earth’s atmosphere, produce sporadic meteors, the 
larger aggregations forming comets. The disturbing influence of the planets 
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may have transformed the original orbits of many of the former as well as of 
the latter into ellipses. It is an interesting fact that the motions of some 
luminous meteors (or cometoich, as, perhaps, they might bo called) have been 
decidedly indicative of an origin beyond the limits of the planetary system. 
But how are the phenomena of periodic meteors to bo accounted for in ac- 
cordance with this theory ? 

“ The division of Biela’s comet into two distinct parts suggests several 
interesting questions in cometary physics. The nature of the separating 
force remains to be discovered , ‘ but it is impossible to doubt that it arose 
from the divcllcnt action of the sun, whatever may have been the mode of 
operation. A signal manifestation of the influenco of the sun is sometimes 
afforded by the breaking up of a comet into two or more separate parts, on 
the occasion of its ajipioach to the |feiihclion’*. No less than six such in- 
stances are found distinctly recorded iii the Annals of Astronomy, viz. : — 1. 
Ancient bipartition of a comet. — Seneca. 2. Sejiaration of a comet into a 
number of fiagmcnts, 11 bc — Dion Cassiu<?. 3 Three comets seen simul- 
taneously pursuing the same orbit, a.d 89(). — Chinese Recoids, 4. Probable 
separation of a comet into paits, a i). 1018 — Hevehiis. 5. Indications of 
scjiaiation, 1001 — Hevehus. 0. Bipartition of Biela’s Comet, 1845-40. 

“ In view of these facts it seems highly piobable, if not absolutely certain, 
that the process of division has taken place in several instances besides that 
of Biela’s Comet May not the force, whatever it is, that has produced one 
separation again divide the parts And may not this action continue until 
the fragments become invisible According to the theory now generally 
received, the periodic phenomena of shooting-stars are produced by the inter- 
section of the orbits of such nebulous bodies with the eaith’s annual path. 
Now there is reason to believe that these metcoiic lings are very elliptical, 
and in this respect wholly dissimilar to the rings of primitive vapour which, 
according to the nebular hypothesis, weie successively abandoned at the solar 
equator ; in other words, that the matter of which they are composed moves 
in lometary lathei than in planetary orbits May not our periodic meteors 
be the debt is of ancient but now disintegrated comets, whose matter has be- 
come distiibiitcd lound their orbits 

These views, announced in the year 1861, were afterwards completely 
establislicd by the calculations of Piofessor Newton and Professor Schia- 
paielli regarding the real orbital velocities of shooting-stars, proving them 
to move, genoially, m paiabolic, or coinetic, lather than vn planetary orbits, 
and by the astonishing discovery in the year 1 866, by Professor Schiaparelli, 
of the almost absolute identity of the orbit of Tuttle’s Comet (III. 1862) with 
tliat of the August, and of the orbit of Temple’s Comet (I. 1866) with that 
of the November meteor-stream, supposing (as the researches of Professor 
Newton and Professor Adams amply piovc) that the latter, and presumably 
also the former of those meteor-clouds revolve in elliptic orbits of such 
considerable length, as not to differ much from the comets in their times 
of revolution. In his communication to the Ameiican Philosophical Society, 
Professor Kirkwood retraces the recent researches of Hock, Levemer, and 
Schiaparelli respecting the probable circumstances of the introduction of 
comets and periodical shooting-stars ah eo.tra into the limits of the planetary 
system. The disturbing force by which their cosmical orbits were converted 
into elliptic ones of short periods (it is found in harmony with the preceding 
theory) was probably the overpowering attraction of one of the larger planets 
near to which the cosmical bodies first entered the limits of the solar system, 
* Grant’s ‘ History of Physical Astronomy,’ p 302 

£ 
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In the following Table ProfesBor Kirkwood compares together the aphelion 
distances of the several known comets of short penods with the mean dis- 
tances of the several larger planets from the sun : — 


Ordmal 

Number 

Comets 

Aphehon 

distance 


Ordinal 

Number 

Comets. 

Aphehon 

distance 


1 

2 

3 

4 

5 

6. 

7 

8 

9 

10. 

11 

12. 

Encke’s 
1819, IV ... 

De Vico’s 
Pigott’s 1 

(1783)/ 

1867,11 

1743. 1 

1766, II 
1819, III 
Brorsen’s 
D’Arrest’s 
Faye’s 
Biela’s . 

409 

4 81 

5 02 

5 28 

5 29 
5 32 
5 47 
5 55 
5 64 
5 75 

5 93 

6 i9| 

Mean distance of J upiter 
from the sun 5 20 

1 

2 

Peter’s (1846, VI)... 
Tuttle’s (1858, I ) ... 

9 45 
10 42 

Saturns’s mean 
distance 9 54 

1. 

2 

3 

i867,J 

November Meteors 

1866, 1 

19 28 

19 65 

1992 

Uranus’s mean 
distance 19 18 

1 

2 

3 ' 

4 

5 . 

6 

Westphal’s ( 1852 , IV ) 

Pons’ (1812) 

Olbers’ (1815)... 

Do Vico’s (1846, IV ) 
Brorsen’s (1847, V ) .. 
Halley’s 

31 97 

3341 

3405 

34 35 

35 07 
35 37 

Neptune’s mean 
distance 30 04 


It is also evident that the passage of the solar system through a region of 
space comparatively destitute of comctic clusters would ho indicated by a 
corresponding paucity of comets. Such variations of frequency are, indeed, 
found not only in the records of comets, but also of meteoric showers which 
have been accidentally recorded, the greater number of the latter having 
been observed during the five centuries between 700 a d. and 1200 a.d., and 
again in those following a.d. 1700, suggesting that during the former and, 
perhaps, again during the present period the solar system is passing through 
a cosmical or meteoric cloud of very great extent, — not loss, indeed, on the 
received speed of the sun’s proper motion, than fourteen times the width of 
Neptune’s orbit. Professor Kirkwood adds, m particular reference to the 
August meteor-system, “ The fact that the August meteors, which have been 
so often subsequently observed, were first noticed in 811 [see M. Quctelct’s 
Catalogue of Star-showers] renders it probable that the cluster was intro- 
duced into the planetary system not long previously to the year 800. It may 
be also worthy of remark that the elements of the comet of 770 a.d. are not 
very different from those of the August meteors and of the third comet of 
1082”*. With regard to the sun’s passage through 
a meteoric cloud of the above-considered dimen- 
sions and constitution it is noticed that the num- 
ber of cometary perihelia found in the two qua- 
drants of longitude towards and from which the sun 
is moving is 159, or 62 per cent , and that of pen- 
helia in the two other quadrants is 98, or 38 per 
cent., showing their tendency to crowd together 
about the direction of the sun’s proper motion in space. The largo excess of 

♦The interval between the perihelion passage of 770 and that of 1802 is equal to 9 
periods of 121 36 years Oppolzer’s determination of the period of 1862 , III , is 121 6 
years Hind remarks that the elements of the Comet of 770 are “ rather uncertain,” but 
says “ that the general character of the orbit is decided ” It may be worthy of remark 
that a great meteoric shower, the exact date of which has not been preserved, occurred in 
770 . 
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the number of the cometarjr perihelia closest to the sun in the forward qua- 
drants, relatively to the direction of his proper motion in space, is also re- 
gal ded as indicating the direction of the sun’s motion through the meteor- 
cloud in a manner which the facta of observation evidently corroborate. 

3. On the Periods of certain Meteoric rings. By Professor Kirkwood (read 
to the Amencan Philosophical Society, March 4, 1870). — According to tho 
computed elements of tho Comet I. 1861 (by Oppolzor), first shown by Dr. 
Edmund Weiss (Astron. Nachr. no. 1632) to agree very closely with those of 
tho April meteor-stream, its periodic time of revolution is 415’4 years. On 
the other hand. Professor Kirkwood points out that, without accepting a shorter 
periodic time of revolution, the former April displays recorded in ancient 
times do not agree with the time of revolution of the comet. Adopting a 
period of about 28-|^ years for the cycle of returns of the April shower, the 
whole of tho dates of its appearance selected by Professor Newton as agreeing 
well with those of its most recent appearance in the present century are re- 
presented with perfect accuracy by the following scheme : — 


Dates of former appearances Interval in years 

From B c. 687 to bo 15 672*000 = 24 periods of 28 000 years each. 

B c I ^ to An ^82 . ....... . .. ..... ^^7 000 — 21 ,, 284^9 ff 

AD <82 to A n 1002714 (between'! .0 o 

.093 and .096) .. }5ii7I4=>8 ^8 419 

AD 1093714 to 1222143 28429= 1 „ 28429 „ 

AD 1222143 to 1803 680857 = 24 „ 28369 „ 


The periodical time of 28^ years corresponds to an ellipse whoso major 
axis IS 18 59, and whose aphehon distance is very nearly equal to the mean 
distance of the planet Uranus. A remark of Mr Du ChaiUu is here believed 
to be rightly recalled, that he observed the April meteors in the equatonal 
parts of Africa almost as briUiant, and leaving streaks more enduring than 
those of the great November meteor-shower (of which he was also an ob- 
server in England, in the year 1866). If the date of Mr Du CliaiUu’s obser- 
vation was about the year 1860, a corroboration of Professor Kirkwood’s 
cycle of 28^ years repeated twice since tho great display of those meteors in 
the year 1803 would bo thence derived. The April meteor-shower was also 
sufficiently bright in the year 1863 to make its approach to an epoch of 
maximum brilliancy in about that year a somewhat probable conjecture. 

Among tho formerly recorded star-showers which appear to have certainly 
been connected with the December meteor-system, Professor Kirkwood points 
out a notice of such an occurrence in the year a.d. 901. Others are found 
to have taken place in the years 930, 1571, 1830, 1833, and 1836, with an 
apparent maximum in tho year 1833, when as many as ten meteors were 
seen simultaneously. Finally, pretty abundant displays of the shower were 
observed in the years 1861, 1862, and 1863, with a probable maximum m 
the year 1862. These dates indicate a penod of about 29^ years, thus — 

901 to 930 I period of 29 000 years 

930 to 1571 ... 22 „ 29 136 ,, 

1571 to 1833 9 „ 29 m „ 

1833 to 1862 I ,, 29000 „ 


A third meteoric shower, that of the 15th-2l8t of October, presents, again, 
a similar period of revolution. The recorded dates of apparitions which cor- 
respond in the times of their appearance with tho present meteor-showeis of 
the 15th-2l8t of October are the years a.d. 288, 1436 and 1439, 1743, and 
1798, on each of which occasions a great number of shooting- stars were 

£ 2 
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seen. The periodic time of 27| years is well indicated by those dates, 
thus : — 


AD. »88 to 1439 . .... ... 42 periods of 27405 years each 

1439 to 1743 II „ 27 636 „ 

1743 to 1798 2 „ 27 500 „ 

If these ponods are correct, it is a remarkable coincidence that the 
aphelion distances of the meteoric rings of April 18th-20th, October 15th~ 
2l8t, November 14th, and December llth-13th, as well as those of the 
comets 1866 I., and 1867 I. are all nearly equal to the mean distance of 
Uranus.” 

4. Beitrage zur Kenntniss der Stenischnuppen, von Dr. Edmund Weiss 
(Sitzungsbcrichto of the Imperial Academy of Vienna for January 16, 1868) 
presents a short summary of the mathematical problems required to be 
solved in the determination of the parabohe orbit, and the actual relative 
speed of the meteors’ course in the atmosphere, fiom the known position of 
the radiant-pomt ; and shows how approximate calculations of the velocities 
of shooting-stars have led to discoveries, in proving certain periodical meteor- 
currents to be intimately connected with comets of which the orbits have 
recently been determined*. 

5. The Fuel of the San, by W. Mattieu Williams, ECS. (8vo, 222 pp. 
Simpkin and Marshall). — An attempt to explain convulsions of the sun’s sur- 
face by planetary disturbances of a universal atmosphere collected in greatest 
density about the larger bodies of the solar system, and agitated by tides 
arising from their several attractions, is the theory for tlie establishment of 
which a collection of the greatest interest of recent observations of solar 
physics has been brought into a small compass by the author of the work, 
and IS well directed to explain the chief phenomena of solar physics. The 
corona is regarded (Chapter XIII ) as originating in solar projectiles driven 
from its surface with eruptive violence. In the following chapter the source 
of meteorites is conjectured to bo the solar projectiles which thus pass beyond 
the boundaries of the zodiacal light , some of which being confined to revolve 
in two principal orbits outside of that luminary, and in several intermediate 
zones of irregularly and more thinly scattered projectiles, may be regarded 
as giving rise to the August and November, as well as to other minor and 
more or less regular meteoric displays. Somewhat more important specu- 
lations and descriptions of the meteorology of the moon and planets, as well 
as of the distribution of the nebulae, suggesting the stellar origin of some of 
those bodies, occupy the greater portion of the remainder of the work. 

* The velocity of the April meteors, or Lyraids, of the 20th of April meteoric shower, 
relatively to the earth, is given in-Dr Weiss’s list of radian t-pomts and relative velocities of 
cometary orbits, in the above paper, as 1 585, that of the earth in its orbit being unity. 
Adopting the value of 18 6 miles per second for the earth’s mean orbital velocity, this gives 
the relative velocity of the Lyraids, or April shower-meteors, 29 5 miles per second , very 
nearly that observed (30 miles per second) in the case of the only shooting-star of the shower 
doubly observed, as described in this Report, on the night of the 20th of April last 
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Fifth Report of the Committee, consisting o/Henry Woodward, F.G.S., 
F.Z,S., Dr Duncan, F.R.S , and R. Etheridge, on the 

Structure and Classification of the Fossil Crustacea, drawn up by 
Henry Woodward, F.G.S., F.Z.S. 

Since I had last tho honour to present a Report on the Structure and Clas- 
sification of the Fossil Crustacea, I have published figures and descriptions of 
the following species, namely : — 

Decapoda Brachytjra. 

1. Ithaclnosoma hifipinosa, II. Woodw. Lower Eocene, Portsmouth. 

2. echinata, H. W. Lower Eocene, Portsmouth. 

3. Paloiocorystes glabra, H. W. Lower Eocene, Portsmouth. All figured 
and described m Quart. Journ. Geol Soc. vol. xxvii. p. 90, pi. 4. 

Decapoba Macrura. 

4. Scyllarulxa Belli, H. W. London Clay, Sheppey, Geol. Mag. 1870, 
vol. vii. p. 493, pi. 22. fig. 1. 

Amphipoba. 

5. Necrogammarus Sahvegi, H. W. Lower Ludlow, Leintwardine. Figured 
and described Trans. Woolhope Club, 1870, p. 271, pi. 11. 

ISOPOBA. 

6. Palcega Carteii, H. W, Lower Chalk, Dover, Ac. Geol. Mag. 1870, 
vol. vii. p. 493, pi. 22 fig. 1. 

7. Prcearcturus gigas, H. W. Old Red Sandstone, Rowlestone, Hereford- 
shire. Trans. Woolhope Club, 1870, p. 266. 

Merosiomata. 

8. Euriiptenis Brodiei, H. W. Quart. Journ. Geol. Soc. 1871, August. 
Trans. Woolhope Club, 1870, p. 276. 

PniLLOPOBA. 

*9. Dlthyrocaris fenuistriatus, M‘'Coy. Carboniferous Limestone, Settle, 
Yorkshire. 

10. Dithyrocans Belli, H. W. Devonian, Gaspe, Canada. 

11. Ceratiocaris lAidensis, H. W. Lower Ludlow, Leintwardine. 

12. Ceratiocaris Oretonensis, H. W. Carboniferous Limestone, Oretoii, 
Worcestershire. 

13. Ceratiocaris truncatus, H. W. Carboniferous Limestone, Oreton, Worces- 
tershire. 

Figured and described in the Geol. Mag. 1871, vol. viii. p. 104, pi. 3. 

14. Cycliis hilohatus, H. W. Carboniferous Limestone, Settle, Yorkshire. 

15. torosus, H. W. Carboniferous Limestone, Little Island, Cork. 

16. Wi'iglitii, H. W Carboniferous Limestone, Little Island, Cork. 

17. Harlnessi, H. W. Carboniferous Limestone, Little Island, Cork. 

♦18. radiahs, Phillips. Carboniferous Limestone, Settle, Yorkshire, 

Vise, Belgium 

*19. Cyclus Ranhni, H. W. Carboniferous Limestone, Carluke, Lanarkshire. 
[*20. “ Brongntartianus,’’’ Do Kon. Carboniferous Limestone, York- 

shire, Belgium.] 

21. Cyclus Jonesianus, H. W. Carboniferous Limestone, Little Island, 
Cork. (These latter figured and descnbed in the Geol. Mag. 1870, vol. vii. 
pi. 23. figs. 1-9.) 

[Those marked with an asterisk have been already figured, but have been 
redrawn and redescnbed in order to add to or correct previous descriptions. 
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Thus, for example, “ Cydus Bronyniartianus ” proves upon careful examina- 
tion to be only tho hypostome of a Tnlobite belonging to the genus Phillipsia, 
Diihyrocaris tenuistratus is identical with Avicula paradoxides of De Komnck, 
&c.]' 

Since noticing the occurrence of an Isopod, Palcega Carteri^ from the 
Kentish, Cambridge, and Bedford Chalk, Dr. Ferd. lloemer, of Breslau, has 
forwarded me the cast of a specimen of the same crustacean from the Chalk 
of Upper Silesia. This, together with the example from the Miocene of 
Turin, gives a very wide geographical as well as chronological range to this 
genus. 

A still more remarkable extension of tho Isopoda in time is caused by the 
discovery of the form which I have named Prcearcturus in the Devonian of 
Herefordshire, apparently tho remains of a gigantic Isopod resembling tho 
modern Arcturus Baffi,nsn, 

I have also described from the Lower Ludlow a form which I have referred 
with some doubts to the Amphipoda, under the generic name of Necrogam- 
nmrus. 

E-epresentatives both of tho Isopoda and Amphipoda mil doubtless be 
found in numbers in our Palmozoic rocks, seeing that Macruran Decapods 
are found as far back as the Coal-measures*, and Brachyurous forms in the 
Oolites f. 

Indeed the suggestion made by Mr. BiUings as to the Tnlobita being fur- 
nished with legs (see Quart. Journ. Geol. Soc. vol xxvi. pi. 31. lig 1), if 
established upon further evidence, so as to be applied to the whole class, 
would carry the Isopodous type back in time to oui earliest Cambrian rocks. 

I propose to carry out an investigation of this group for the purpose of 
confirming Mr. Billings’s and my own observations, by the examination of a 
longer senes of specimens than have hitherto been dealt with. In the mean 
time tho authenticity of the conclusions arnved at by Mr. Billings having 
been called in question by Drs. Dana, VerriU, and Smith (see tho Amencan 
Joum. of Science for May last, p. 320 ; Annals & Mag. Nat Hist, for May, 
p. 366), I have carefully considered their objections, and have replied to 
the same in the Geological Magazine for July last, p. 289, pi. 8 , and I may 
be permitted here to bnefly state the arguments pro and con, seeing they are 
of the greatest importance in settling the systematic position of tho Trilo- 
bita among tho Crustacea 

Until the discovery of tho remains of ambulatory appendages by Mr. Bil- 
lings in an Asaphus from tho Trenton Limestone (in 1870), the only appen- 
dage heretofore detected associated with any Tnlobite was the hypostome or 
lip-plate. 

From its close agreement with the lip-plate in tho recent Apus, and also 
from tho fact of the number of body-rings exceeding that attained in any 
other group save in the Entomostraca, nearly all naturalists who have paid 
attention to the Trilobita in the past thirty years have concluded that they 
possessed only soft membranaceous gill-fcet, similar to those of Branchipus, 
ApuSy and other Phyllopods. 

The large^ compound sessile eyes, and the hard, shelly, many-segmented 
body, with its compound caudal and head-shield, differ from any known 
Phyllopod, but offer many points of analogy with the modem Isopods ; and 

* Anthrapalmtwn Grossartn, Salter, Coal-measures, Glasgow. 

t Palmnachus longtpes, H Woodw , Forest Marble, Wilts 

t It should always, however, be borne in mind that as the Tnlobita offer, as a group, no 
fixed number of body-rings and frequently possess more than twenty-one segments, they 
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one would be led to presuppose the Trilobites possessed of organs of loco- 
motion of a stronger texture than mere branchial frills. 

The objection raised by Drs. Dana and Vernll to the special case of ap- 
pendages in the AsapJias assumed by Mr. Billings to possess ambulatory legs, 
is that the said appendages were merely the semicalcified arches in the inte- 
gument of the sternum to which the true appendages were attached. 

A comparison, which these gentlemen have themselves suggested, between 
the abdomen of a Macruran Decapod and the Tnlobite in question is the 
best refutation of their own argument. 

The sternal arches in question are firmly united to each tergal piece at the 
margin, not along the median ventral line. If, then, the supposed legs of the 
Tnlobite correspond to these semicalcified arches in the Macruran Decapod, 
they might be expected to lie irregularly along the median line, but to unite 
with the tergal pieces at the lateral border of each somite. In the fossil wo 
find just the contrary is the case , for the organs in question occupy a definite 
position on either side of a median line along the ventral surface, but diverge 
widely from their corresponding tergal pieces at each lateral border, being 
directed forward and outwards in a very similar position to that in which wo 
should expect legs (not stermd arches) to lie beneath the body-rings of a fos- 
sil crustacean. The presence, however, of semicalcified sternal arches pre- 
supposes the possession of stronger organs than mere foliaceous giU-feet ; 
whilst the broad shield-shaped caudal plate suggests most strongly the posi- 
tion of the branchiie. In the case of the Trenton Asaphus I shall be satis- 
fied if it appears, from the arguments I have put forward, that they arc most 
probably legs — feeling assured that more evidence ought to be demanded be- 
fore deciding on the systematic position of so large a group as the Trilobita 
from only two specimens*. 

With regard to the embryology and development of the modern King- 
Crab (Lwiulus polyphoimus), we must await the conclusions of Dr. Anton 
Dohrn before deciding as to the affinities presented by its larval stages to 
certain of the Trilobita, such relations being only in general external form. 
Dr. Packard (Beports of the American Association for the Advancement of 
Science, August 1870) remarks, “ The whole embryo bears a very near resem- 
blance to certain genera of Tiilobites, as 2'rinucleus, Asaplms, and others;” 
and ho adds, “ Previous to hatching it strikingly resembles Trmucleus and 
other Trilobites, suggesting that the two groups, should, on embryonic and 
structural grounds, be included in the same order, especially now that Mr. E. 
Billings has demonstrated that Asaphus possessed eight pairs of 5 -jointed 
legs of uniform size.” 

Such statements are apt to mislead unless we carefully compare the cha- 
racters of eacli group. And first let me express a caution against the too 
hasty construction of a classification based upon larval characters alone. 

Larval characters are useful guide-posts in defining great groups, and also in 
indicating affinities between great groups, but the more we become acquainted 
with larval forms the greater will be our tendency (if wo attempt to base our 
classification on their study) to merge groups together which we had before 
held as distinct. 


have, as a matter of course, been considered as belonging to a much lower group than the 
Isopoda, in which the normal number of somites is seven Whilst admitting the justice of 
this conclusion, we do not think it affords any good ground for rejecting the proposition 
that the Isopoda may be the direct hneal descendants of the Trilobita. 

* One in Canada and one m the British Museum, both of the same species 
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To take a familiar instance : if we compare the larval stages of the Com- 
mon Shore-Crab {Oarcinm moenas) with Fteri/ffotus, wo should be obliged 
(according to the arguments of Dr. Packard) to place them near to or in the 
same group. 

The eyes in both are sessile, the functions of locomotion, prehension, and 
mastication are all performed by one set of appendages, which arc attached 
to the mouth ; the abdominal segments are natatory, but destitute of any 
appendages. 

Such characters, however, are common to the larvae of many crustaceans 
widely separated when adult, the fact being that in the larval stage we find 
in this group what has been so often observed by naturalists in other groups 
of the animal kingdom, namely, a shadowing forth in the larval stages of 
the road along which its ancestors travelled ere they arrived from the remote 
past at the living present. 

If we place the characters of Limulus and Pterygotus side by side, and 
also those of Trilobita and Isopoda, we shall find they may bo, in the present 
state of our knowledge, so retained in classification. 


Pterygotus (Fossil, extinct) 

1. Eyes sessile, compound. 

2. Ocelli distinctly seen. 

3. All the limbs serving as mouth- 

organs. 

4. Anterior thoracic segments bear- 

ing branchia) or reproductive 
organs. 

5. Other segments destitute of any 

appendages. 

6. Thoracic segments nnanchyJosed. 

7. Abdominal segments free a nd well 

developed. 

8. Metastoma large. 

Trilohita (Fossil, extinct). 

1. Eyes sessile, compound. 

2. No ocelli visible. 

3. Appendages partly oral, partly 

ambulatory, arranged in pairs 

4. Thoracic segments variable in 

number, from 8 even to _28, free 
and movable (animal sometimes 
rolling into a ball). 

6. Abdominal series coalesced to 
form a broad caudal shield, 
bearing the branchiae beneath. 
6. Lip-plate well developed. 


I. 

Limulus (Fossil, and living). 

1. Eyes sessile, compound. 

2 Two ocelli distinctly seen 

3 All the limbs seiving as mouth- 
orgims 

4 All the thoracic segments bear- 
ing branchiae or rcpioductive 
oigans 

5. Other segments destitute of any 
appendages 

G. Thoracic segments anchylosed 

7. Abdominal segments anchylosed 
and i udirnentarif. 

8. Metastoma rudimentary . 

II. 

Isopoda (Fossil, and living) 

1 Eyes sessile, compound. 

2. No ocelli visible. 

3. Appendages partly oral, partly 
ambulatory, arranged in pairs. 

4. Thoracic segments usually seven, 
free and movable (animal 
sometimes rolling into a ball). 

5. Abdominal somites coalesced, and 
forming a broad caudal shield, 
beaiing the branchue beneath. 

6. Lip-plate small. 


Should our further researches confirm Mr. Billings’s discovery fully, we may 
propose for the second pair of these groups a common designation, meantime 
we give the above as representing the present state of our knowledge. 
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Report of the Committee appointed at the Meeting of the British 
Association at Liverpool, 1870, consisting of Prof. Jevons, R. 
Dudley Baxter, J. T Danson, James Heywood, F.R.S., Dr. 
W. B. Hodgson, and Prof. Waley, with Edmund Macrory as 
their Secretary, ^‘for the purpose of urging upon Her Majesty’s 
Government the expediency of arranging and tabulating the results 
of the approaching Census in the three several parts of the United 
Kingdom in such a manner as to admit of ready and effective 
comparison,” 

Your Committco after their appointment held meetings in London, and 
agreed upon the following Memorial — 

“ Unieormity of Pl\n/o>- the Census of the United Kingdom. 

“ To the Right Honourable Henry Austin Rriiec, M P,, &c. &c , Her Ma- 
jesty’s Principal 8ecretaiy of State for the Home Department 

“Memorial of the Committee of the British Association, appointed in Liver- 
pool, September 1S70, for the purpose of urging upon Her Majesty’s 
Covernment the expediency of arranging and tabulating the results 
of the approaching Census in the three several jiarts of the United 
Kingdom in such a manner as to admit of leady and effectual com- 
parison. 

“Your memorialists beg respectfully to represent that the value of statistical 
information depends mainly upon the accurac}’ and expedition with which 
comparisons can be made between facts relating to different districts. 

“They also consider that the case and rajiidity with nhich researches in the 
census tables can be made is one principal object to be held in view in de- 
termining the form of their publication. They therefore desire that not 
only should the enumeration of the people be conducted in all places in an 
exactly uniform manner, so far as is compatible Avith the terms of the 
several Census Acts, but that there should be no divergence in the modes of 
tabulating and printing the results. They wish that the tables for England, 
Scotland, and Ireland should form as nearly as possible one uniform and 
consistent whole. 

“ Your memorialists could specify a great many points in which there was 
divergence between the tables for 1861 , but they will mention only a few 
of the more important cases. 

“ 1. The detailed population tables of England, Scotland, and Ireland differ 
as regards the periods of ago specified. The Scotch report gives twenty-one 
intervals of age, the Irish report generally twenty-two, and the English 
only thirteen. Either one-third of the printed matter in the Scotch and 
Irish tables is superfluous, or that in the English tables deficient. 

“ 2. The classification of occupations is apparently identical m the three 
reports, but there is much real discrepancy between the Irish and English 
reports, rendering exact comparison difficult. 

“ 3. In the Irish report there is no comparison and classification of occupa- 
tions according to age, classification according to religions being substituted, 
although such a classification could not be made in England or Scotland. 

“4. In the appendix to the English report appears a table (No. 56), giving 
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most important information as regards the numbers of the population at 
each year of age. Inconvenience has been felt from the want of similar in- 
formation concerning the populations of Scotland and Ireland. 

“ 5. In the appendix to the Irish report they find some interesting Tables 
(II., III., and IV.), to which there is nothing exactly corresponding in the 
other reports, so far as they have been able to discover. 

“ 6. The tables, even when containing the same information, arc often 
stated in different forms and arrangements, seriously increasing the labour 
of research. 

“ Your memorialists therefore bog to suggest : — 

“ I. That the principal body of tables relating to the numbers, age, sex, 
birthplace, civil condition, and occupation of the people should be 
drawn up and printed in an exactly identical form for the three 
parts of the United Kingdom 

“ II. That while the Commissioners may with great advantage continue 
to exercise their fiee discretion in drawing up such minor tables 
as appear to have special interest for distinct localities, they should 
agree to prepare in a uniform manner such minor or summary 
tables as may be of importance as regards all the parts of the 
United Kingdom. 

“ III. That a general Index of Subjects should be prepared for the whole 
of the reports, appendices, and tables, so that an inquirer can readily 
ascertain where the corresponding information for different parts 
of the United Kingdom is to be found, without making, as hitherto, 
three independent searches through a mass of complex and 
almost unindexed information. 

“ It would appear that the officers engaged m supci intending the Census of 
1861 acted to a certain extent in concert and agreement. 

“ Your memorialists bog respectfully to request that those officers be in- 
structed, on the present occasion, to confer witli each other prior to drawing 
up the tables for 1871, with a view of preserving perfect uniformity in their 
operations, and avoiding all such divergencies in the three reports as are not 
required by the Census Acts or the essential differences of the three 
Kingdoms. 

Signed on behalf of the Committee, 8th December, 1870. 

^‘W Stanley Jevons, F S S , 

President of the Statistical Section of the British Association for 
the Advancement of Science, Liverpool, 1870. 

James Heywood, M A., F R S , 

Vice-President of the Statistical Society . 

“ Jacob Waley, F.S.S., 

One of the Secretaries of the Statistical Society. 

“ Edmd. Macrory, M a.. 

Secretary of the Committee of the British Association for a Uni- 
formity of Plan in the Census Tables of the United 
Kingdom^’ 

The above memorial was immediately presented to the Right Hon. H. A. 
Bruce, M.P., Her Majesty’s Principal Secretary of State for the Horae De- 
partment, and has been by him referred to the Registrars General for their 
report thereon. 



ON ABSTRACTS OP CHEMICAL PAPERS. 


59 


The returns of the Census having only recently been collected, too little 
time has as yet elapsed for the perfect arrangements of the tables to be 
completed, but your Committee have reason to believe that the recommenda- 
tions contained in the above memorial will ultimately be, to a considerable 
extent, adopted by Her Majesty’s Government. 

Postscript . — Since the above Report was drawn up, the Committee have 
received a formal reply from the Home Office (dated 26th September, 1871), 
informing them that the Home Secretary “has desired the Registrar General 
for Scotland, and has requested the Lord Lieutenant to desire the Census 
Commissioners in Ireland, to frame their tables in conformity with those 
submitted by the Registrar General for England and Wales, and approved 
by Mr. Bruce, as far as circumstances will admit , and that with this view 
ho has instructed the above-mentioned officers to place themselves in com- 
mumcation with the Registrar General for England and Wales.” 


Report of the Committee appointed for the purpose of Superintending 
the Publication of Abstracts of Chemical Papers. The Committee 
consists o/Prof. A. W. Williamson, F.R.S., Prof. H. E. Roscoe, 
F.R.S., Prof. E. Frankland, F.R,S. 

The Committee are glad to be able to announce that regular monthly re- 
ports of the progress of Chemistry have been published since April Ist, 1871, 
by the Chemical Society. These Reports have been rendered, as far as pos- 
sible, complete by abstracts, raoie or less full, of all papers of scientific in- 
terest, and of the more important papers relating to applied chemistry. The 
abstracts have been made by chemists, most of whom are members of the 
Society, whoso zeal for the science has induced them to undertake the work 
for the small honorarium which the Council has been able to offer. A 
numerous Committee of Publication has been formed, whose Members gra- 
tuitously undertake the revision of the proofs and a comparison of the ab- 
stracts with the original papers. 

The Reports are edited by Mr. Watts, each monthly part being bound up 
with the corresponding number of the Chemical Society’s Journal. Each 
volume wiU be furnished with a full index, and will give a complete view of 
the progress of Chemistry during the year. 

The Committee feel that their thanks are due to all those gentlemen en- 
gaged in the work for having already so far succeeded in accomplishing a 
task of such difficulty and importance, and they confidently hope that their 
continued exertions will still further perfect the details of the scheme so as 
gradually to increase the usefulness of the Reports. 

It 18 right to state that the funds of the Chemical Society available for 
the purpose of the Reports, although so opportunely aided by a grant of 
,£100 from the British Association, were insufficient to defray the necessary 
expenses, and that voluntary contributions to the amount of upwards of 
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£200 have been received towards the cost of publication for the first year, 
up to April 1 872. 

There is good reason to believe that the expectations entertained of the 
usefulness of these Reports will be fully realized by their continuance on the 
present system, and that they will be found largely to conduce to the pro- 
gress of the science wherever the English language is spoken. 


Report of the Committee for discussing Observations of Lunar Objects 

suspected of Change. The Committee consists of the Rev. T. W. 

Webb and Edward Crossley, Secretary. 

The Committee have much pleasure in presenting their first Report on the 
above subject. Though much attention has been given of late years to a 
large number of lunar objects, your Committee felt that they could not 
accomplish their purpose better than by confining their Report to the discus- 
sion of a hmited and well-observed portion of the lunar surface. No person 
seeking to discover evidence of geologic change would be constantly travel- 
ling over the whole surface of our globe, but would of necessity confine his 
attention to a small area for a considerable period of time. This has been 
the course adopted on the moon. Plato, a vast crater, containing 2700 
square miles, in 51° N. lat and 10° E long , has presented a most interest- 
ing and important variety of features, which we have endeavoured to photo- 
graph, so to speak, with pen and pencil, -with a view, if not at once to obtain 
our ultimate object, at least to lay out the groundwork for future observers 

The Report has been carefully drawn up by Mr. W. R Rirt on behalf of 
the Committee. Time has only permitted the discussion of the observations 
of the bright spots and craterlots seen on the floor of Plato , whereas your 
Committee consider that it is equally important that the observations of the 
numerous streaks, with the faults and other peculiar features noticed on the 
floor and walls of this fine formation, should be likewise discussed, in order 
that something like a complete desciiption of this object as observed at the 
present time may be presented to the Association for the use of future sele- 
nographers. 

Your Committee would therefore request that a further grant of £20 may 
be placed at their disposal for this purpose during the ensuing year. 

Report on the Discussion of Observations of Spots on the Surface of the 
Lunar Crater Plato. By W. R. Birt. 

In executing the task confided to me of discussing certain observations of 
the spots on the lunar craterJPlato, one of the first points which I deemed 
it important to ascertain was the effect which the intensity of the sun’s 
light as a function of his altitude might produce on the visibility of the spots. 
The number of spots actually observed between April 1809 and April 1871 
inclusive, amounted to 37, the greater portion (21) having been discovered in 
this interval. In order to become acquainted with phenomena possibly con- 
nected with an increase of light on the floor of the crater, the observations 
have been arranged under intervals of twelve hours, from sunrise to sunset 
on Plato, and a ledger formed for each interval, the number of which 
is 31. From these ledgers the results in Table II. have been deduced, 
viz. the mean number of spots visible dunng each interval, and the actual 
number of spots observed dunng each interval. For illustrating the results 
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the curves in fig. 1 have been projected. The first curve is that of solar 
altitudes at the moon, epoch the equinoxes, locality 50° north or south lati- 
tude The second curve is that of the tnean number of spots visible during 
each interval. 

Fig 1 


1 .'t 7 9 11 1^1 TS 17 19 21 29 29 27 29 31 



1 j 3 7 y a 13 10 17 ly 21 23 20 2 / 29 31 

Curve No 1 Solar altitudes Latitude 50° at equinoxes 

Curve No 2 Curve of mean number of spots visible each interval. 


Table I. Solar Altitudes at Moon. 
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Table II. Ordinates of Curve of Spot frequency. 


No. 

Interval. 

Altitude. 

Mean. 

Number. 
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tions. 

1. 

h h 

0 to 12 

- to 1 

10 

1 

1 
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15 

7 
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59 

14 

6 

4. 
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69 

14 

8 

5. 
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We may regard the vanous maxima of the spot-curve as indicative- — First, 
of a greater number of observations during the intervals which furnish the 
maxima. It is true the column of observations may countenance this view ; 
but it does not hold in all cases, neither are the greater number of observa- 
tions so pronounced as the maxima of the curve. Second, of a clearer state 
of the earth’s atmosphere than usual, enabling us to see more spots than 
when it is ordmanly translucent. This may to some extent explain the 
occurrence of maxima separated by several intervals, and probably those in- 
stances where we have a larger number of spots with a smaller number of 
observations. Third, of an actual increase of visibility of the spots them- 
selves at different and widely separated epochs, the observations of such 
increased visibility falling at those intervals at which the maxima were re- 
corded. The following are the epochs at which the greatest number of spots 
were observed corresponding with the maxima of the curve : — 

First maximum. Interval 2. 1870, Jan. 10, 12 spots, 15 for the whole 

interval, from 7 observations. 
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[The spots marked e were discovered previous to the commencement of these observations ] 
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Second maximum. Interval 7. 1870, March 13, 17 spots, 27 for the 

whole interval, from 7 observations. 

Third maximum. Interval 12. 1870, May 13, 27 spots, 33 for the whole 

interval, from 8 observations. 

Third maximum. Interval 12. 1870, Jan. 15, 22 spots, 33 for the whole 

interval, from 8 observations. 

Fourth maximum. Interval 19. 1809, Deo* 20, 19 spots, 26 for the 
whole interval, from 8 observations. 

Fifth maximum. Interval 22. 1870, Kov. ll, 13 spots, 20 tot the whole 

interval, from 6 observations. 

Sixth maximum. Interval 24. 1870, Sept. 14, 16 spots, 23 for the whole 
interval, from 3 observations. 

When we take the mean numbers of spots seen at each interval, the curve 
is comparatively flat, rising but little above the mean line of 7*9 spots 
visible at any interval, and this is about the mean number visible on any 
evening. The flatness of the curve is not accordant -w ith an increase of 
spots dependent on an increase of solar altitude or greater angle of illu- 
mination, otherwise the apex would be much more decided. We may, how- 
ever, trace from the number of spots actually seen and contributing to 
the maxima of the spot-curve, as well as from the observations adduced 
above, that the change of illuminating angle docs exercise an influence on 
the appearance of spots, inasmuch as on a few occasions the largest number 
of spots have been seen with higher illuminations. The actual curve, how- 
ever, derived from two years’ observations is not sufficiently decided to refer 
the appearances of the spots to this agency 

By dividing the whole of the twelve hourly intervals into six series or 
groups, and taking spot No. 1 as the standard of comparison, we have the 
data for computing Tables III. and IV. containing the visibilities of each 
spot for each group of intervals sunrise, or 0 to 60 hours, altitudes 0° to 17° , 
60 to 120 hours, altitudes 15° to 34° ; 120 hours to meridian passage, alti- 
tudes 31° to 42°, meridian passage to 120 hours, altitudes 42° to 31°; 120 to 
60 hours, altitudes 34° to 15°, and 60 to 0 hours, or sunset, altitudes 17° to 0°. 
From the results in these Tables, Table Y. has been formed, in which we 
have a bird’s-eye view of the visibihties during the luni-solar day. Gene- 
rally the visibilities are low during the fiist 60 hours, ^. e. compared with 
spot No. 1, the smaller spots are but seldom seen , and this is so far indica- 
tive of solar light in some way developing or bunging the spots into visi- 
bihty. Duiing the next 60 hours some spots have risen considerably in 
visibility, while others have been seen more frequently during the afternoon 
hours of the luni-solar day. The numbers arc, however, too irregular to 
allow us to conclude that the smaller and less frequently seen spots are in- 
fluenced in their visibility by further changes of illuminating angle beyond 
their first development , and this is very strikingly manifested by the curves 
which these numbers furnish ; for example, the diurnal curves of spots 
Nos. 5, 1 4, and 10 in fig. 2 generally agree in exhibiting greater visibilities 
from 60 hours to mendian passage, while spots Nos. 9 and 11 are more 
frequently seen from 120 to 60 hours before sunset. These, as well as the 
peculiarities of the other curves, strongly suggest that the variations of visi- 
bility of certain spots are not to any great extent dependent upon an increase 
of intensity of solar light, but rather upon some agency more particularly 
connected with the spots themselves. It is important to remark that another 
senes of observations may furnish totally different diurnal curves, should 
the vanations in visibility depend upon local lunar action. 
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In nearly every case the spots seen during the first 60 hours of the luni- 
solar day have increased during the dag in visibility, t. e. they were seen less 
^ ^ Fi 3 frequently during this group of 

intervals than during the succeed- 
ing sixty hours. This increase, 
however, has not been regular, 
which it would have been from 
changes of illuminating angle 
alone, some spots having been 
seen, as before stated, moie fre- 
quently dining the second group 
of intervals, while others have de- 
clined in visibility and not at- 
tained their maxima until the 
period 120 to 60 hours before sun- 
set. The diurnal turves of spots 
Nos. 14, 5, and 16 in the first 
category, and those of Nos. 9 and 
11 in the second, have already 
been refeiied to, that of spot No. 
22 (fig 3) differs from the others 
by its shoAving an increase of visi- 
bility from sunrise to 120 hours 
before sunset. The visibilities of 
many spots are lower during the 
last 60 hours of the luni-solar 
day. 

The curves of visibility during 
the luni-solar day aie essentially 
different from the curves of visi- 
bility as deduced from the obser- 
vations of twenty-four lunations, 
although both lead to the same 
result , and fi om both a \ ery im- 
poitant conclusion may bo drawn, 
VIZ tliat upon assuming other agen- 
cies to be in operation than changes 
of illuminating angle, such as present activity, the epochs at which such 
activity was manifested vaiicd to such an extent, and wore so far sepaiated 
from each other in time, as to coincide, in the case of spots Nos 1 4, 6, and 1 6, 
with the period in the luni-solar day of 60 to 120 hours aftei sunrise, while 
the activity manifested by sjiots Nos 9, 11, and 22 occurred at a later period 
of the luni-solar day, 120^to 60 hours before sunset. So far as the vaiia- 
tions of visibility of spots Nos 14, 5, 16, 9, 11, and 22 are concerned, 
they do not appear to depend exclusively on changes of illuminating angle, 
even if a certain intensity of solar light contiibutes generally to render the 
spots visible. 

While the four craterlets Nos. 1, 3, 30, and 1 7 are visible during the whole 
of the luni-solar day, the spots on their sites are seldom seen until the sun 
attains an altitude of about 30°, and then they appear as “ bright round 
disks,” and this chaiacterislic attaches as well to the crateilcts as to othei 
spots when the sun attains this altitude With altitudes between 30° and 
40° a diffeicnt class of plienomcna is manifested, the sharp and distinct cha- 
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racter of the craterlcts is no longer observed. Some put on a hazy appearance, 
and they all assume the same aspect as those spots which have not been 
observed as craterlcts. This state of things continues until the declining 
latitudes approach the limit at which the crater form was lost in the advan- 
cing day, then it once more appears accompanied by a disappearance of most 
of those spots which came into visibility as the sun rose higher. We have 
an analogous phenomenon to this in the well-known crater AnstarcTius. 
Shortly after sunrise its outline is sharp and distinct, while its interior is 
partly covered with a well-marked shadow and partly glowing in strong 
sunlight. As the sun rises above its horizon these characteristics are lost ; 
the ndge extending from it to Herodotus becomes brighter, and to some eyes, 
and with some instruments, it is confounded with the interior, the whole ap- 
pearing as a very vivid brush of light. The exact solar altitude at which the 
1871 , ^ 
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takes place is as yet undetermined , but there can be no question 
that it IS of the same natuie as that of the appearance of the spots on Plato 
greatly intensified. 

The result of the discussion may be briefly stated as being yery strongly 
suggestive of the existence of present lunar activity, the exact nature of 
which requires further and more extensive observations to determine. In- 
timately connected with the spot-changes are the variations of appearance 
and intensity of reflective power of the streaks and markings on the floor of 
Plato In the observers’ and other notes which form the Appendix to this 
Keport will be found allusions to the connexion between the spots and streaks ; 
but it manifestly requires a similar discussion of the streaks and maikings to 
arnve at a definite conclusion on the subject. Most of the observers have 
furnished obseivations of these interesting phenomena, so that a discussion 
of them could at once bo proceeded with if it should be the pleasure of the 
Association to carry on the inquiry. The principal results of the discussion 
of the spot-observations relative to visibility, irrespective of solar altitudes, 
and treated in pairs of lunations from April 18G0 to November 1870, based 
on 1594 observations dunng 20 lunations, are contained in Lunar Map Cir- 
cular VITI ; and some further remarks occur in a paper on the subject, 
published in the Philosophical Magazine, March 1871. This discussion, on 
an entirely different principle to that employed in the preparation of the 
present Report, and leading to a similar result, tends to confer on both a 
character in which confidence may be placed, for either without the otlior is 
incomplete , together they point to present lunar action as the originating 
agency jiroducing the phenomena. 



Although measurements for position of such delicate objects as the spots 
on Plato arc difficult to execute, Mr. Oledhill has succeeded in obtaining 
three sets of micrometrical measures, on September 13 and December 9, 
1870, and on May 1, 1871, a combination of which has enabled rao to draw 
the outline of the crater, and to insert from these measurements four streaks 
and the sector as seen generally by Mr. GledhiU. The streaks are C, c, a, 
and /3 The streaks ^ and e are rather westward of their places as given on 
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the tinted plate in the ‘ Student^ of April 1870, p 161. The spots whoso 
positions have been determined by measures are Nos. 1, 4, 3, and 17. The 
effect of the measures is to bring them closer together and more towards the 
centre of the crater tlian in the printed plans. On each occasion that the 
measures were made, a diameter of the crater passing through spots Nos. 1 
and 4, from A to B, was measured, also one at right angles to this from C 
to I), passing through No. 1. All the remaining measures of spots and 
streaks weie referred to these diameters, spot No. 1 being the origin of 
the coordinates, and the longest diameter being considered as unity. The 
ratios of the means of the measures were determined to be as follows : — 
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In order to plot the spots that have been laid down by alignment and 
estimation, it is necessary to align with the measured spots, and particularly 
with objects on the border, a process that will be adopted in the preparation 
or a monogram of Plato. 


APPENDIX. 

Observers’ Notes. 

These are arranged in each interval of 12 hours according to season, so as 
to give increasing altitudes of the sun from ©—63 =270°. Winter in the 
northern hemispheie. 

Interval 0 to 12 hours, 

1869, Oct. 13, 7*' (0— 9 =76°24''8, Oct. 12*^ 21 “). — Ten hours after the 
epoch of sunrise at the equator in E. long. 4° 0''6, the first streak of sun- 
light was seen by Mr. Gledhill to fall on the floor of Plato through the gap 
in the west wall between B. & M ’s peaks ^ and e, the W. extremity lying 
on or near the fault from N.W. to S.E., and bringing into visibility the cra- 
terlet No 3, which is seen earliest of all the spots. Mr. Gledhill gives the 
sun’s azimuth equal to 87° 31', the altitude being equal to the angle formed 
by the height of the depression in the wall between the peaks above the 
point of the floor on which the sun’s rays first impinge. 

Interval 12 to 24 hours. 

1870, July 6, 8 “. — Twelve hotirs and a half after epoch of sunrise at the 
equator, E. long. 4° IP’S, 0— July 6, 19, 30 = 354° 54' 4. Mr. Gledhill 
again witnessed the first streak of sunlight fall on the floor of Plato, and 
observed spot No. 3 just within it, and remarked that the streak lay parallel 
with the longest diameter, and did not incline from No. 3 as it did in January. 
[On the 13th of October, 1869, at 7“, Mr. Gledhill remarked that the streak 
was a little inclined to the N., and not quite parallel with the rim.] At 9“ 
of July 6, 1870, Mr. Gledhill remarked that a line through the two gaps or 

F 2 
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breaks in the 8. and N. borders passed through the western ends of the 
earliest streaks of light thrown on the floor. This line appears to be coinci- 
dent with the great fault crossing Plato. With reference to this I have the 
following note . — “ This phenomenon, the western ex;tremitic8 of the streaks 
falling in a lino with the breaks in the N. and 8 borders, was well observed 
ill January 1870 An elevation of the ground in the direction of this fault 
has been seen. Tt would, however, appear that differences in the lengths of 
the streaks would depend not on any unevenness of the ground, but on the 
relative depths of the gaps in the W. border.” 

1870, January 1 0, 2** to 8’'. — From ten to sixteen hours after epoch of sun- 
rise at the equator, E long 4° fi'*! , © •— Q , Jan 0, 16’^, equal to 170° 27' 8. 
This was by far the finest observation of sunrise on Plato by no less than 
seven observers, \]/- ^Messrs Gledhill, Pratt, Elgei, Neison, Birmingham, 
Joynson, and Birt ]\[r GledhilFs leeord is so full and so interesting that 
a reproduction of it will convey a vivid impression of the progress of illu- 
mination of a lunar foimation as the sun rises upon it 

Jan 10,2*’ Cloudless Terminator ]ust on the E border of Plato; can 
just see the outline of tlie crater, which now lies in deep shadow On the 
E side the lofty steep wall just N. of a triangular foimation maiked II E'/'^ 
glowed intensely in the solar lays 

3''. The E wall from the great breaks in the 8 and N borders appeared 
as a bright narrow band The curved outline of the N E border was bright, 
sharp, and narrow, but the lower slope within could not be seen. I could 
fancy tliat tlie W part of tlic floor is, if possible, deeper in shadow than the 
E half [This phenomenon has often been witnessed, and has been attri- 
buted to the reflection of the stiong light of the eastern interior from tho 
daik floor. Upon attentively contemplating this degradation of shadow near 
its castein boundaiy, it ■will often be seen that it is not simply a reflection 
fiom the floor, but apparently the illumination of a something above the 
floor — W. It B ] 

3'' 45"' A blight narrow^ broken line was seen between the two breaks on 
tho E and N E The outline of II E'l'- is not yet visible. 

4'' 18"' At this moment (12 hours 18 minutes after epoch) the first streak 
of light fell upon the floor. Within it and near its western extremity was 
seen No. 3 as two elevated objects, very near each other, but quite distinct. 
I could not detect shadow between them after haid gazing, although it was 
easily seen to the N 111 of the lower object. The streak was three times the 
breadth of the tivo objects together where it enclosed them, and it became 
broader near the N.E. border of Plato ; it was brightest about and to the 
west of No. 3, and inclined a little downwards at the E. end. * # * The 
two components of No 3 arc of the same size apparently, are equally but 
not very bright , they he nearly E. and W. of each other, but tho E. com- 
ponent is a very little to thcN of the other. 

4'' 30"'. The streak widens. I could not detect motion in it. I now care- 
fully placed the wire on the great gap in the west border ; the line passed 
along the axis of the stieak. Tlie west angle of the streak is not sharp, but 
rounded, and lies a little beyond No 3. The lower of the cones of No. 3 
touches the lower edge of the stieak. It now assumed a fan shape, being 
broadest at tho E. end, which is now more than halfway to the E. border. 

4*' 40"'. Tho streak is now much wider. I think I see a minute elevation 
a little to the E. of No 3 and in the streak. The two components of No. 3 
are now bright and sharp, with shadow on the east. Another streak has 
been barely visible or suspected for a few minutes ; it lies to tho 8. of the 
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former and near the S. border. It runs parallel with the northern streak, 
is about half its length, and has its western extremity over a point a httlo 
E. of No. 3. It IS narrow, and extremely faint and difficult. A minute or 
two later it was seen .better, also a still fainter and narrower line to the 
north of it, which is parallel with it and the northein streak The most 
southern streak produced to the E. would gia/e the souther n edge of II E'/'^. 

4“ 50*". Now the shadows from the W. wall take shape The south sha- 
dow, which extends up to the S. border, goes diiectly into the gap at the 8. 
edge of II E'^'2. The next pointed shadow to the N of this goes diiect to 

the middle of II E'^^ , it is extremely pointed at its E. end for more than 

half its length, and is suddenly wider at the W. end. [This rippears to indi- 
cate that the peak which throws the shadow is very needlc-like ] 1 cannot 

be quite suie that this shadow for the next 10”' or 15"' really extended up 
to the E. border. It became so faint and narrow and line-like that it could 
not be well seen near the border. Then, again, the floor for some distance 

(say a distance equal to the width of II E*^-) lay in rather dark shadow. 

The floor between the shadows was not bright up to the E border of Plato , 
all along the foot of the E slope a daik shadow lay, and this interfered with 
an exact determination of extremities of shoitcr shadows fiom the W. wall. 
The next shadow to the north w^as a broad paiallel-sidcd belt, which pro- 
ceeded to the E. border as such. Its upper or S. edge extended to the N. 
end of II E'/'^, and its lower or N edge cut the border of Plato just below, or 
to the north of II E*^^. A line through No. 3 to the gap in the 8 E. border 
cuts the W. angles of the two southern blight spaces between the shadows 
5". No. 3 lies on the lower edge of the lowest bright space or upper edge 
of the lowest shadow. The shadow still clings to or is in contact with No 3, 
and either extends to the E of it, or No. 3 throws a shodow to the E The 
floor along the E. border is still dusky , it is biightest at that part in line 
with No. 3, 

5'' 5'". A very flne nairow shadow is now seen to stand off from the sha- 
dow below and in contact with No 3; it is this which touches No 3. 

gh 1^5111^ upper shadow is now cleaily pointed, and falls shoit of the 
border [This is probably the shadow of the peak between P & M 's y and 
^ J I still see a minute elevation just to the N E of No. 3 It is now just 
on the tip of the lowest pointed shadow, and about halfway from 3 to the 
N.E. border. [This spot is No 32, it was discovered in streak /3 by Mi. 
Eiger on December 15, 1869. — W P P ] 

5’' 45'”. Floor at the foot of the E bolder is still daik, except at the ex- 
treme N. The long broad shadow is now retiiing fiom the E. bolder, and is 
seen faintly bifurcated , the lowest or noithern fork is the longer, but this 
broad shadow still seems to have its N. and 8 edges parallel 

6''. Now the daik shadow on the 8 border bre.dcs up, and a fine pointed 
shadow separates from its noithern side, which if produced goes (juite into 
the gap at the southern edge of 11 E'A-^. The bnght W angle above this 
shadow goes back towards the \V until under the great gap in the 8 border. 
The great central shadow is now easily seen bifuicatcd , the lower peak is 
the longest, and reaches nearly up to the east bordei I'lie tip ot the shorter 
shadow to the N reaches just to No 3, the next to the N. is lathei longer, 
6*' 20'”. The object to the N.E. of 3 (32) is easy, elevated, and biigbt Now 
4 IS seen, also a largo elevated object (7) about halfway from it to the N. 
extremity of II E'/'^, and on this line. 

6*' 30”'. The great 8. band of shadow goes straight into the gap at the 8. 
end of II E*/'^. The E. portion of the floor for some distance fiom the foot 
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of the slope is still dusky. The shadow of the N.E. component of No. 3 is 
easy, and lies to the N.E. A line from the lower edge of the shadow in the 
groat gap of the west border along the lower edge of the central shadow 
goes into the gap at the N. end of II E'l'^. This shadow is now finely bifur- 
cated ; the lower or northern peak is the longer. 

8‘‘. Spot No. 1 IS now seen as a largo striking object. It seems to be in 
the path of the upper fork of the central shadow, and looks like the shadow 
of one of Jupiter’s satellites on the disk. [In Mr. Birmingham’s sketch of 
May 19, 18G9, G— ^ =286° 37'’3, the upper or southern fork of the central 
shadow IS longest, while in the present senes of observations the northern is 
the longest. This is not a solitary instance of variation in the shadow of this 
peak. Mr. Birmingham is in agreement with Mr. Gledhill in referring spot 
No. 1 to the upper or southern fork. In my paper on the spots and shadows 
of Plato (Transactions of Sections, p. 17, ‘ lleport of Biitish Association for 
the Advancement of Science,’ 1869), I remark that Kosse and Birmingham 
have drawn No 1 with the shadow of S just receding fiom it. Challis’s 
shadow of ^ terminates by a straight line , neither fork was visible, for he 
carefully measured the two angular points llosse drew the termination of 
the shadow as from ti/'o pinnacles upon the summit, with No. 1 between 
them These variations are doubtless azimiith.il , nevertheless they arc of 
great importance, as we hope presently to show.] 

8** 5™. Spot No. 1 IS a largo, lofty, very prominent cone. Close to the N E. 
component of No. 3, and to the N E of it, is seen a black shadow curved to 
the N.E. ^ with a bright elevated object close to the curve. I see the two 
components of No. 3 as bright distinct objects , then, close to the N.E. foot 
of the N E. component, comes a laige circular shadow quite black, embracing 
a bright object to the N.E. 

8** 15“. Spot No 4 IS already getting rather difficult and hazy, although it 
lies far away in the blight eastern floor. Spot No 17 is now seen just on 
the lower edge of the uppermost pointed shadow. No. 1 is biight and large, 
free from the long shadow. Shadow still lies on the eastern fioor at the foot 
of the slope. ]Mr Pratt, the same evening, Jan 10, noticed a peculiar feature 
of the eastern part of the floor corroborative of Mr. Gledhill’s observation of 
the dip to the foot of the east border. lie says, “ A peculiar feature of the 
eastern part of the floor in sunlight observed. Between what was probably 
the eastern margin of the sector h and tlie foot of the inteiior slope of the 
E. rim was a decidedly darker tint, as if that part of the floor was loAver 
than the rest, and perhaps falling towards the border , the western margin 
followed very elosely the form it would have if the whole space between the 
sector h and the border were depressed.” In my own record, Jan. 10, d'* 48'“, 
the Crossley e(juatorial 7 3-in. aperture, eye-piece No. 4, power 122, with 
slot, I say — “ The S. spire of sunlight apparent , it is directed towards the 
middle of II E*^'-. Neither "bf the spues of light reach the border, indicating 
the floor to dip near the border ” 

Mr. Gledhill summaiiJies his observations, under the head of ‘‘points de- 
termined,” as follows — 

First The position, size, alignment, and order of development of the 
streaks [of sunlight, as distinguished fiom those that make their appear- 
ance afterwaids] which fiist fall on the floor. They are evidently the solar 
lays passing through the g.qis on the border 

Eecond. The floor on the E at the foot of the inniT slope lies m shadow 
more or less deep until the giant shadows from the W. border have letreated 
westward beyond the ccntie of the crater. 
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Thrd, That spots Nos. 1, 3, 17, the object halfway between No. 4 and 
the E border (7), the object halfway + between No. 3 and the E. border 
(32), the object (if any) just to the E. of No. 3 (31), and the object 8.W. of 
No 1 at a considerable distance away are all elevated objects. 

[Some time subsequently to tliese observations I received from Mr. Glcd- 
hill a drawing of nine crater cones seen on Jan. 10, 1870. They were Nos. 
1, 3, 30, 4, 7, 9, 11, 17, and 32. I have not received any conlirination of 
the object a considerable distance S W. of No. 1. — W. 11. B.] 

Fourth. The older in time of the appearance of the shadows. 

Fifth. The time to a minute when light first falls on the floor. 

[The discussion of the observations by intervals shows that the sun’s light 
first falls upon the floor of Plato from ten to thirteen houis after the sun has 
risen at 4° 6' 1 of E long, on the equator according to season : a simple 
computation of the epoch of sunrise at this longitude and O — S3 "will be a 
guide to ascertain the illumination of Plato within twenty-four hours of the 
epoch —W. II B.] 

Sixth. The interval between the appearance of light on the floor and the 
distinct perception of the shadows from the W. border is about twenty-five 
or thirty minutes. 

Seventh. The great northern streak of sunlight is seen some fifteen minutes 
before tlie southern streaks arc detected. This may bo caused either by dif- 
feience in elevation of the gaps in the W border, or difference in level of the 
floor, or both may unite to produce the effect. 

Wliatean cause the duskiness of the eastern floor except depression of the floor ? 

1870, Jan 10. 9'’ 0"'. Mr. Eiger saw spot No. 1 close to the shadow of the 
peak situated on the S of the great gorge or opening in the W. wall. At 
9'^ 10“* the N. peak of tins shadow was about clearing it , at the same time 
spot No. 4 could just be seen Mr Eiger remarked that the shading round 
spot No 1 was much ilarher than the central poition of the floor, and that 
this dark shading could bo traced in an easterly direction to about one fourth 
of the distance between the spots 1 and 4* “ this,” sajs Mr. Eiger, “ would 
appear to indicate a fall tn the surface of the floor from No. 1 towards 
the E in section” (fig 5). Schroter, if I re- 
member rightly, alludes to some observations indi- 
cating similar irregularities in the floor From 
Mr. Eiger’s observation, combined with one of Mr. 

Glcdhill’s to be noticed under Feb 9, 1870, it would 
appear that spot No 1 is situated on the ridge marking the great fault. (See 
interval 24** to 36*' ) 

1870, May 8, 8’’ to lO*^. Close of fiist interval of twelve hours. Epoch 
7** 21^* 20‘“. Mr Eiger writes, “ On the evening of the 8th, between 8’' and 
10‘', I had a fine view of siiniise , the air was remarkably steady , shadows 
and minute details seen to perfection.” 

1870, May 18. Mr. Eiger writes . — “ Re your statement as to the dip of 
the floor. Is there reliable evidence that the N.E and S.E. areas of the 
floor are lower near their respective borders than towards the spotless central 
aroa‘^ In January last I saw spot No. 1 in contiguity with the shadow of 
No. 2 peak (western wall) ; the surface of the floor east of No. 1 was then, 
of course, seen under very oblique light. Judging from the shading and 
general aspect of the surface in the neighbourhood of No. 1, there appeared 
to be a very rapid fall from spot No. 1 to spot No. 4 ; if this bo so, the 
stem of the ‘ trident’ would be a depression in the suiface.” 

1879, April 9. Twenty-three hours after epoch of sunrise at 4° 4'*7 on 




72 


REPORT — 1871. 


equator, E. long., Mr. Eiger records spots Nos. 1 and 17 in contiguity with 
shadows of high peaks on west wall [y and • Nos. 1, 3, 4 very plain [seen 
also by Mr. Pratt], 17 faint, 25 only glimpsed, 7 suspected ; no markings 
seen. Mr. Pratt records on same day shadows of y, and e on floor nearly 
similar to 1869, Nov. 12, excepting that 5 showed a second point south of 
chief one, and that of e did not exhibit a cleft. 

The importance of such careful observations as those which have furnished 
the data for this interval cannot admit of question. The determination of 
the epoch at which the floor first becomes illuminated, as compared with the 
epoch of an easily computed phenomenon (sunnse at a given longitude on 
the equator), places at once within our reach the means of ascertaining when 
the appearances witnessed dunng the interval 10 to 24 hours after sunnse, 
at 4° E. long, on the equator, will bo repeated*. This is, however, a small 
result compared with the forms and progressions of the shadows ; for by their 
aid, especially if well sketched, and their lengths carefully measured, or even 
estimated in paits of those of the three measured peaks y, 3, and e, the dis- 
tance of the west wall flora the teiminator being at the same time ascer- 
tained, the irregulaiities of the west wall at sunnse, and by a similar process 
those of the east wall at sunset, may be obtained with tolerable precision by 
B. & M.’s method described in ‘ l)er Mond,’ § 65, p. 98, and m the lleport 
of the Lunar Committee of the Entish Association, ‘ lleport,’ 1867, p. 15. 
We have thus the power, by multiplying such observations, of becoming inti- 
mately acquainted with the breaks and gaps, the elevations and towering 
pinnacles of the wall, and are in a position for handing down to our suc- 
cessors details that may enable them to detect changes, if such should occur, 
of sufiicient magnitude to become perceptible. The shadows which 1 enu- 
merated on Jan. 10, 1870, wcic six, — the longest y, one between y and 
h with its two peaks or saddle form, one south of e, and e Mr Joynson, of 
Liverpool, gives m his di awing of the same date two peaks to d. The irre- 
gularities both of the floor and border have come out by these observations 
with marked dislinctness, and tend greatly to settle for the present epoch 
the mam features If, however, changes are in progicss, they may bo, as on 
the earth, extremely slow. 

The appearances iccoided on January 10, 1870, being so different to that 
witnessed by Ihanehini, August 16, 1725, the following translation, by my 
friend Mr Knott, from Bianchini’s voik ‘ Ilespeii ct Phosphon Nova Phe- 
nomena’ (Iloma?, 1728), will doubtless be lead with interest — 

“ Under the auspices of the Cardinal dc Polignac, tw'o large telescopes, 94 
and 150 Homan palms long, by Campini, were pieparcd and erected, and on 
the 16th of August, 1725, the folio wung observations of Plato were made 

“ Although on that night we were only able to turn the telescope 150 
palms long, on the moon we detected, m the lunar spot named Plato, a 
phenomenon not pieviously'" observed. The moon was at the time a little 
past its first quadiature with the sun, which it had attained on the previous 
day, and the spot Plato fell on the periphery of solar illumination, where is 
the boundary of light and darkness in the lunai hemisphere exposed to the 
sun The whole of the very elevated margin, which on all sides surrounds 
the spot like a deep pit, appealed bathed in the white rays of the sun. The 
bottom of the spot, on the other hand, was still in darkness, the solar light 
not yet reaching it; but a track of ruddy light, like a beam, crossed the 

* The longitudes of tlic terminator at 60*^ N latitude on tlic equator, and at 00° S lati- 
tude, Greenwich, midnight, during the lunation, are given montlily m the ‘Astronomical 
llegibter ’ 
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middle of the obscure area, stretching straight across it from one extremity 
to the other, with much the same appearance as in winter in a closed cham- 
ber the sun’s rays admitted through a window are wont to present, or as 
they are seen in the distance when cast through openings in the clouds, or 
like comets’ tails at night in a clear sky stretched out at length in space, as 
we remember to have seen in the one which in the years lOBO and 1681 was 
so conspicuous to all Europe. This appearance, never before seen by mo in 
this or any other lunar spot, is represented in the figure which I give below. 


Fig. 6. 



“1,2 The lunar spot named Plato, and the luddy ray of the sun thrown 
acioss its dark floor fiom the margin of the spot 1, white and turned towards 
the sun. It was thus observed at Home on the Palatine Mount, Aug 1(1, 
1725, at 1| hour after sunset, with the 150-palm telescope of J. Campini. 

“ It is proposed to astronomers and physicists, for their consideration and 
judgment, whether this is to be taken as an indication of an aperture piercing 
the border of the spot which is turned towaids the sun, through which opening 
the rays are cast and appear as through a window , or whether it is rather to be 
thought that they are refracted rays, which are bent from the top of the bolder 
towards the bottom, and appear of a ruddy tint as they are wont to do in our 
own atmosphere at sunrise and sunset, and so give reason for admitting the ex- 
istence of some denser fluid like an atmosphere surrounding the lunar globe.” 

I have the following remarks on the above, dated June 4, 1867 — 

“ Blanch] ni appears to have been one of the earheU observers who noticed 
‘ detail ’ more particularly. Hcvel, lliccioh, Cassini, and others aimed more 
at delineating the entire siiiface, which of course included much detail that 
18 becoming more and moie valuable every day , still such observations as 
Bianchmi’s, recorded in his ‘ llesperi et Phosphori,’ are of great value, espe- 
cially as the appearances desciibed and delineated could not find place in a 
more general woik ” 

Bchroter, in his ‘ Selenotopoginphischc Fragraente,’ vol i. p. 334, §§ 256, 
257, refers to the observation of Bianchini, and also to one of Short’s in 1751, 
A pill 22. It would ajipear that Bianchiiii’s suggestion of an apertuic or hole 
111 the W. rim of Plato was not vciificd by Bhoit, who seems to have obseived 
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the shadows of the three peaks y, and c of B. & M., which are represented 
by Schroter in t. xxi. The shadows of these and other peaks on the W. wall 
have been very frcciucntly observed of late years. 

I am not aware that Bianchini’s observation has been verified The pecu- 
liar appearance which he has delineated depends not only on libration, but 
also on the angle which the terminator makes with tlie meridian ; for it is 
clear that the direction of the terminator mu^t form a tangent to a line pass- 
ing equally through the depression in the wall to produce the appearance 
seen by Bianchini , and it is highly probable that it is of very rare occur- 
rence, as seen from the earth, the variation m the angle of terminator with 
meiidian being as much as 3°. 

While transcribing the above (April 22, 1871) I have considered the Bian- 
chini phenomenon nioie closely Dining the year 1870 the opportunities 
for observing sunrise on Blato were compaiatively numerous, and certainly 
not the slightest appearance of Bianchini’s streak was detected, ; on the other 
hand, the positions of the earliest rays of sunlight on the floor have been 
determined, with some degree of precision, for the poition of the limi-solar 
year during the period of the observations If the configuration of the W. 
wall IS di^erent now from what it was in Bianchini's time, the phenomenon 
may be explained by the supposition that the gap or pass of the peak S 
was lower than at present, and has been raised by “ landslips ” on one or 
both sides, which are of extensive occurrence on the moon as recogni/ed by 
Nasmyth ; the absence of further observations by Bianchmi on the same 
evening, however, leaves the matter in doubt. 

Short records, in the Phil Tians. for 1731, p. 175, that on April 22, 
1751, ho saw a streak projected along the flat bottom of Plato. Soon after 
he saw another streak parallel to the first, but somewhat lower [or northerly], 
which in a very short time divided into two. He found a gap in the wall 
opposite the first streak, and also one in the direction of the lower one. 

Not only is Bidnchiiii’s obseivation at variance with modern observations, 
but Short’s also. The order of appearance of the streaks of sunlight on the 
floor on Jan. 10, 1870, is, first, the broad streak through the wide gap; 
second, the southern streak north of the peak y. The apjioarances of Short’s 
streaks were in the reverse order. 

The following record of observations by Sclirotcr on July 30, 1789, at 
9‘‘ 48”\ kindly translated by Mr. Gledhill, will illustrate Mr. Pllgei’s obser- 
vation on January 10, 1870 — 

^ Selcnotopographische Pragraente,' § 250, vol. i. p. 329. “ A different, 

more beautiful, and more magnificent view of Plato is obtained when, with 
the rising sun, the first traces of an extremely faint twilight are seen on the 
grey floor of the crater, and when the first beams of light are thrown over 
the mountains into the plain below. This view of Plato, which lasts only 
for a few minutes during the slow monthly rotation, and for which one may 
wait for a year and yet not see it, 1 saw on the 30th of July, 1789, 9'' 48“*. 
As in the 8th figure of t. xxi , the terminator had advanced from W to E. as 
far as a, ft To the W, of this the greatest part of the border lay in the 
light of day [or on the day side], and only the small portion to the E. of a, 
ft was illuminated on the night side. The whole inner grey surface, on the 
contrary, was still hidden by the shadows of the lofty mountains on the 
border, and on the S border there was also a low spot filled with shadow. 
While 1 was observing the shadows of the inner surface with power 161, I 
became aware of something to the E. of the middle of the floor, as if the dark 
surface were in a kind of fermentation. A few seconds later I saw here in 
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two places an extremely distinct unveiling or brightening which closely re- 
sembled a very faint twilight. Both places appeared daik, blackish, and con- 
trasted so slightly with the other night-shadows, that at tiist 1 was uncertain 
whether or not I perceived a real diffcience in the obscuiity. McanAvhile, 
after a few seconds both the liglit-spots became somewhat brighter, changed 
their form continually, until they soon became laiger and notably brighter, 
and assumed the appearance given in fig 8 ; and as no very marked change 
occurred while the observation was being made, I was by this time able to 
sketch them in their present clearer colour and increased si/c , but even yet 
they appeared a dark grey, so that, according to my aibitrary scale and a 
very approximate estimation, they weie placed at only or at most 

‘‘ Doubtless these present but always very dark colouis were half-shadows, 
and wcie found there because in these two places only a part of the rising 
sun was visible over the irregular elevations on the western bolder, and 
tliese h.ilf-shadows I have often seen in the course of my observations when 
the terminator passes acioss grey surfaces 8oon after, the suiface threw off 
the mask of night, and in a few minutes I could distinguish the line-liko 
shadows lying across the whole floor throAvn by the peaks on the western 
Avail If one, hoAVCver, compares the shape of these tAVO somewhat bright 
spots on the map AVith the position and sliadows of the Avest bolder, and re- 
flects that these bright spots, as 1 saw them, Avere suriounded h) the shadows 
of night on the east, theie can no longer be any doubt (if a different reflec- 
tion of the light lias no shaie in the matter) that the floor is not perfectly 
fiat, but that these two places are someAvliat more elevated , and AVith this 
supposition the observations giv'cn befoie quite agree.’’ 

The folio Aving notes have been kindly furnished by Mr. Piatt, relative to 
the foregoing description of suniise — 

“Jan 10, I3’b On 1870, Maich 10,1 have notes of the same phenomenon, 
which I believe I forAvarded at the time, rccoiding the inability I expeiienced 
to lid myself of the idea that I vias witnessing a tine twilight ]\[y observa- 
tion of it extended over twenty-five minutes, at the end of Avhicli time I 
perceived the faintest trace of the foimation of the spires.” 

“Jan. 10, 4^ 18'“, spot No. 3. Queiy Is the (lightest spot of the streak, 
hero mentioned as seen inclined to the north of No 3, and 1 presume in close 
proximity to it, my spot No. 30? As far as I can understand the localities 
are identical ” 

“Jan 10, 4** 50*“, shadow of peak y. On a similar occasion I have ob- 
served the thin thicad of the shadow lying acioss II and have watched 
it slowly shortening and travelling down the inteiior slope of the rim, and had 
a good view of it lying on the floor just in contact with the foot of the slope.” 

“Jan. 10, 8”, sliadoAv of peak <5 I do not romember to have ever seen 
the shadoAV of d otherwise f lian AVith the northern fork the longest.” 

On Bianchini’s light-stieak Mr. Pratt remarks — “ Bianchmi’s ruddy spire 
of light, which he observed at Home, 1725, Aug 10, and thought to be sun- 
light shining through an apciturc in the west wall, would the want of 
achromaticity in his 150 -palm telescope account for the colour‘d 8iill his 
unique view may prove valuable some day , and it is stimulating to perse- 
verance on our part to multiply observations with our comparatively luxu- 
rious instruments to find such unAVieldy telescopes callable of so much in the 
hands of a careful obseiver. I wonder if the ciater (} on the west exterior 
slope was recorded so long since, as its clean-cut form, as I have sometimes 
seen it, is suggestive of recent formation, and its locality such as to easily 
account for the filling-up of the aperture Bianchini supposed ” 
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[The crater G is not seen in Bianchini’s drawing of 1725, August 16, nor 
in that illustrating his observations of 1727, August 23 and September 22. — 
W. K. B.] 

Mr. Pratt remarks, that in Short’s observation of 1751, April 22, the first 
streak of sunlight was on the upper part of the floor, followed soon after by 
a parallel streak somewhat lower. “ It is important,” says Mr. Pratt, “ to 
learn what hind of telescope Short used during the observation ; for as ho 
was chiejiy a maker of the Gregorian form, and as that cons ti action does not 
invert the imago, it may be possible his terra Joiver may mean southerly in- 
stead of northerly, thus being in accord with modern observations.” 

“ The very interesting translation of Schroter’s notes of 17S9, July 30, and 
his discovery of something on the eastern half of floor, as if a kind of fer- 
mentation was going on, and his discovery a few seconds later of an unveil- 
ing or brightening, closely resembling twilight, remind me,” says Mr. Pratt, 
“ very forcibly of my own observations before mentioned. The half-shadows 
of Schroter also remind me of what I have very often seen, as ho describes , 
but I cannot understand his explanation of them. As far as I can see, halt- 
shadows presuppose an atraospheie; and a well-authenticated course of ob- 
servations of them would be good proof of the latter’s iiresence.” 

[If by the term “ half-shadow” be meant the penumbial fringe of every 
true shadow, the rays of light emerging from opposite limbs of the sun, 
crossing beyond the object easting the shadow and then diverging, will fully 
explain such a fringe. In the case of the sun rising above the mountains, 
the reverse phenomenon occurs, viz a gradual darkening fringe skirting the 
illuminated surface arising fiom less and less light arriving from the sun’s 
disk ; a true twilight is occasioned by the particles of an atmospherie medium 
being illuminated by the sun’s rays while the luminary is below the horizon, 
and such I believe I have on scveial occasions witnessed — W. It B ] 

Interval 24 to 3G hours. 

1870, May 9. Mr. Gledhill describes spot No 1 as easy; a fine sharp 
crater, with raised walls, much black shadow within, the east inner slope 
bright: he also recoids 3 and 17 us presenting the same appeal unce as 
No. 1. On October 3, at about 12^^ earlier illumination, ^Ir Gledhill did not 
observe the ciater chaiacter of these objects, but desciibes them as eleiated 
objects. This is remarkable, as on Oct 3 the moon’s latitude was 1° to 2° S , 
while on May 9 it was 3° N., libiation carrj^ing Plato fuither from the eye, 
yet the crater character was nioie distinct. Mi. Eiger records No. 17 as seen 
by glimpses. 

As regards spots 13 and 19, the following remarks of Mr. Eiger are inter- 
esting — “ The northern poition of the flooi, including stieak a, was noted 
as equally light, the streak could not be tiaced.” Mr. Gledhill wiitcs, a. not 
to be distinguished from tTie bright floor all along the noith bolder. Mr. 
Eiger found the same locality “ .ill light on the lOlli.” 

1870, Eebruaiy 9 Mi Gledhill fiist saw spot No. 4, its bright W. w'all 
only. He says, “This object seems to h.ue lower vails than 1, 17, or 3.” 
Mr. Gledhill wiites “ Eoi a few minutes I saw what aiipeared to be a veiy 
low ridge running from N. to 8. acioss the floor of Plato. It runs from the 
N. border to spot 3, then cuives to No. 1, and again bends back to the E. 
and leaches No 17, and thence goes on to the 8 border.” [The low iidge 
mentioned by Mr. Gledhill is, so far as I know, neiv It is not coincident 
with the great fault from N.W. to 8 E. Erom <i di awing subsequently sent 
to me by Mr. Gledhill, it w'ould indicate a fracture, having its origin at spot 
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No. 1, diverging N.E. and S.E. to spots Nos. 3 and 17, and extending from 
them in opposite directions to the N. and S. borders.] At 5.30 Mr. Gledhill 
recorded that spot No. 4 is already indutinct , there is a dull yellow patch 
about it. No 3 at this early stage of illumination Mr Gledhill found to be 
single; he looked m vam for the other two adjacent spots, Nos. 30 and 31. 

1870, Oct 3. Mr Gledhill records Nos. 1, 3, 17, and 30 as elevated ob- 
jects Mr. Eiger found no trace of 3. 

1870, March 11. Mr. Gledhill describes spots Nos. 1 and 3 as bright, cir- 
cular. 

Interval 30 to 48 hours 

1870, April 10. Mr. Gledhill records spot No 1 as a largo, sharp, cir- 
cular eialer, with internal shadow on W. side , also Nos 3 and 17 as circular 
(rateis Mr Eiger records Nos. 16 and 2C) as frequently ghmpsed 

1^70, July 7. Mr Whitley observed Nos 1, 3, and 17 as cratcrlets, 4 a 
A\ lute spot, and glimpsed No 11 very faint On the same evening Mr. Neison 
recorded the floor as very dark, the spots indistinct, not visible continuously ; 
and Mr Eiger could just trace the “ sector ” 

1870, Jan. 1 1, 7 20 Mr. Gledhill describes spot No 1 as a large round 
crater, larger tlian Janne, quite bright and circular, a very fine easy object. 
At 7 30 the same evening, he says “ Linne also is now seen as a crater, with 
some shadow within on the west ” At 7 45 Mr Gledhill writes Now tho 
N E slopes of craters Nos 1 and 3 glow m the bright sun, while tho 

8 W slopes are in shadow. It is the N E. inner slope which so often, 

in bad definition, comes out as a bright disk or scmidisk ” 

1800, August 10. Mr. Pratt thus writes* — “Of these difficult objects 
[the spots], seven were seen many times during the hour , No. 1 often well 
defined as a crater, Nos 3 and 4 as well-defined craters as No 1, but accom- 
panied with a nebulous light, perhaps caused by the companion spots to each, 
which, however, were never clearly defined owing to tho minuteness of tho 
objects and the shoit peiiods of definition clear enough. They both had a 
similar appearance.” 

1870, September 4 Mr Neison records No. 4 as just observable, and 14 
very faint. 

Interval 48 to 00 hours 

1870, May 10. Mr. Gledhill records spots Nos 1, 3, and 17 as elevated 
craters with little internal shadows. Mr. Eiger records No. 5 as seen only 
by glimpses much fainter than 17 , 10 and 14 easy. 

1871, March 1. Mr. Gledhill records spot No. 1 as a crater brightest on 
tho inner E wall. 

1870, August 0. Mr. Eiger noticed the west portion of the floor of an 
even light colour. It is on this portion that the spots Nos. 13, 19, and 22, 
which have decreased of late in visibility, are situated On the 24th of 
March, 1870, Mr. Gledhill observed the reverse, viz the ive<it part of tho 
floor exhibited the darkest tint. It was, however, less in extent than the 
light portion given by Mr. Eiger, and was seen under the opposite illumina- 
tion. See intervals iOS** to 96’', and 12’' to 0’' *. 

1870, October 4. Mr Gledhill records No. 1 as an elevated object. Mr. 
Eiger found No 14 more easy than 5 and 17 ; it was not seen by Gledhill. 
Nos. 3, 30, and 17 were seen as bright disks by Gledhill. 

* These reversed tints are quite m accordance with the surface of the floor dipping on 

each side from the line of “ fault” crossing Plato from N W to S.E. 
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Interval 60 to 72 hours. 

1 870, July 8 Mr. Gledhill records Nos. 1 and 17 as bright spots badly seen. 
Mr. Eiger lecords No 5 as seen only by glimpses, but brighter than No. 1. 

1 809, August 1 7. Mr Pi ati inserted the jiositions of the spots observed 
by him “ by independent estimation,” also “ their relative positions with re- 
spect to light streahs ” were very carefully determined as follows . — 

No. 

1. On the dark surface near the junction of two stieaks. 

8. In the middle of a light stieak. 

4 In the middle of a lighi. streak (sector)*. 

17 On the daik suiface close to a light streak (W. edge of sector) 

13 and 19 In the middle of a light streak 
14. Near the margin of a light streak. 

Interval 72 to 84 hours. 

1870, Apnlll. Mr Eiger records No. 5 nearly as bright as 17, which 
he regarded as fainter than at last lunation , 14 and 10 were easy, 24 and 
25 seen by glimpses. Mr. (jledhill records Nos. 1, 3, 30, and 17 as bright 
circular disks. Mr. Pratt detected the six spots which ho observed with 
difficulty. 

1870, March 13. Mr. Gledhill writes : “ Unless I am very much mistaken 
indeed, 34 was an easy object, <. ^. No. 1 came out easily ‘ double , ’ also, as 
the E end of the floor slopes to the east, spots Nos. 6 and 7 may be seldom 
seen on this account (‘^).” To this I add “Tins may be the case while the moon 
18 passing from perigee to apogee ” Mr. Gledhill says further . “No 3 (and 
30) very easy, wide, double , 3 is the larger, both equally bright 30 is not 
seen nearly so often as 3 , when only one is seen it is 3.” 

1870, June 9 Mr. Eiger recorded 5 as brighter than 17. 

1870, February 11,6 ,30. Mr Gledhill found spots Nos. 1 and 17 as very 
sharp bright disks, but could not detect interior shadows , he describes Nos. 
1,17, and 3 as sparkling. Of No. 1 , he says, it often comes out double , 
last year I often saw it thus I am now almost sure I sec a minute object 
close to the west of it (34). 

Interval 84 to 96 houis. 

1870, December 4 Mr. Eiger writes.— “The marking connecting the 
middle and cast arm of trident, which was, I believe, fiist seen by Mr. 
Pratt last spring, I found a very easy object, fully as bright as the biightest 
portions of the ‘ trident it follows the cuivature of the south bolder, and 
crossing the last arm of the trident, terminates about halfway between the 
latter and the west bmit of the ‘ sector.’ During the l^Iay and June luna- 
tions, I had faint glimpses of it, but it was then a veiy much more difficult 
object than it is now.” 

The apparition of this streak appears in some way to be connected with 
spot No. 6, the variations in visibility of which are consideiablc. As, from 
the (hsciission of visibility, the connexion of these vaiiations with illumi- 
nating, visual or atmospheric (terrestrial), changes appears to be untenable, 
it may be suggested that, if the first maximum, Aug.-Sept. 1869, resulted 
from increased activity, ejecta may have been thrown out and produced the 
faint streak which was seen on the west of No. 5 by two observers. At or 
about the second epoch of increased activity, a larger quantity of ejecta 

* Mr Gledhill has frequently observed spot No 4 nt the angle formed by tlie con- 
verging sides of the “ sector ” 
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may have been thrown out, producing a bnghter streak, extending eastward 
as well as westward. The most interesting circumstance connected with 
this streak is its conformity in direction to that of the south border, as if 
some peciiliaiity of the surface existed in the neighbouihood of No. 5, of a 
depressed character, winch received the oiitliow or outthrow of the ('jeeta. 
Another noteworthy circumstance is, that this streak was not recorded 
earlier than May 13, 1870 

1870, Septemlicr 0 Mi Glcdhill records Nos. ], 3, 17, and 30 as bright 
disks, also that detinition was good, and that the streaks and spots seemed to 
stand out in relief. 

18(39, November 1 5 Mr Glcdhill writes : — “The spots Nos. 1 , 17, and 3 do 
not appear as a mere white spo/ on the door of Tlato would do There is a 
sharfiness and clciirness of contour and a biightiiess (uniform) of surface 
which could only belong to a crater or peak. I have often been struck with 
tins. This remark applies to them whenever they arc well seen. I can 
only liken them to the small round disks of bright stars seen in the transit- 
instrument. Spot No. 4 never looks like Nos. 1, 17, or 3 To this I append 
the following query — Do the clcainess and sharpness of the contour of spots 
Nos J , 17, and 3 result from seeing the shadowlcss interiors of the craterlets ’ 
Tf so, on what agency does the appearance of the mere white spots depend 
Do Nos. 1,17, and 3 vaiy in this respect with good states of our atmosphere ? 
Mr Piatt records a spot new to him on the N W. of 3, about half as far from 
3 as 18 4 on the opposite side, and aligning with 3 and 4 , he speaks of it as 
exceedingly small. I have numbered it 29 He also observed spot No. 8, 
which he describes as fainter than 29, and situated about one third the dis- 
tance from 3 towards 4. On this evening Mr. Piatt very carefully scru- 
tinized No. 3 and its immediate neighbouihood, the following are his notes 
transmitted to me — The second spot, which I have always ob- 
served with 3 (and which I learn from Mr. Dirt I have always placed in the 
same relative position as has IMr Dawes, who discovered it, and of whoso 
alignment I was before (piito unaware), is exceedingly close to 3 on the 
N.E. I estimate the distance at 2", and its position with respect to 1 was 
very carefully judged to be 145^ to 150", reckoning from 8. round by E , 
which T afterwaids found by compansoii to be about the angle lepiescnted 
in my former sketches Fecond. A third spot, 8 E of 3, and twice as far 
from it as Jilr. Dawes’s, was observed. Its relative size was judged to be 
one fourth, vhile that of the second spot was one third of 3 The direction 
was from 3 towards 4 ” [This spot I take to be 8. — W It. 13 J “Another 
peculiarity in 3 was, that it was jast included by the light streak, but still 
quite on its edge, as was also its smallest companion. I now determined 
ceiy caiefiilly the colour of the immediate localities of all spots visilde. After 
independently noting it foi each spot, I found on summing up that the 
whole weie upon the light stieaks, with the exception of No. 1, around and 
towaids vhich the light streak was softly shaded off.” 

1870, July 9. Mr. Whitley glimpsed spot No 17 with difficulty. 

Interval 9(3 to 108 hours. 

1870, April 12. Mr. Glcdhill records Nos 1, 3, and 30 as blight circular 
disks, 17 as a blight disk, also 6, but seen only once or twice. Mr Piatt records 
No. 1 as very dense and bright, 3 and 4 as hazy, and 16 and 22 difficult. 

1870, May 12 Mr. Glcdhill locords Nos. 1, 3, and 17 as fine bright disks. 
No. 4 a spot, but seldom seen Marking a, Mr Glcdhill records as the 
brightest, and Mr. Eiger mentions the pait east of No. 16 as very bright 
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and well defined ; this, as well as the remarks of Mr. Eiger on May 9, may 
tend to throw some light on the decreased visibility of Nos. 13 and 19 (see 
Interval 24 to 36 hours). On this evening Mr. Whitley observed and described 
the markings, giving a sketch of the same. Mr. Eiger’s sketch of the north 
part of Plato and Mr. Whitley’s are not in accordance. The time at which Mr, 
Whitley made his observations is not mentioned; Mr. Eiger’s 8.45 to 11. 

1870, March 14. Mr. Eiger writes. “The markings were not well seen; 
the eastern aim of the ‘ trident’ was the brightest, and could be traced from 
the south nm to No. 1, passing to the west of No. 5 : the marking y was 
very plain, the rest of the markings were faint and difficult to make out.” In 
contrast with this indistinctness on Plato, Mr. Eiger says, “ [In sjntc of the hazi- 
ness of the sky, the markings and minute details of the Mare Imhn um were seen 
with unusual distinctness] ” In the ‘English Mechanic,’ No. 312, March 17, 
1871, p. 602, article “Mars,” by F R.A S , the author speaks of the indi- 
stinctness and partial dimming on the surface of the planet, accompanied by 
the presence of dark lines m its spectrum, coincident with those referable 
by Father Secchi to the vapour of water. The indistinctness and dimming 
of detail are alike distinguishable on Mars and the Moon , and in addition we 
have on the Moon a number of spots becoming vividly bnght with a high 
sun. From Dr. Huggins’s observations, the spectral lines of the vapour of 
water are absent in the lunar spectrum. 

1870, June 10 Mr Eiger recorded No. 17 decidedly brighter than No. 5 and 
equal to No. 3, 14 only glimpsed once or twice , 16 and 25 frequently seen. 

1809, December 15. This evening Mr. Eiger discovered spot No. 32. He 
desenbed it as N E. of spot No. 3, nearly aligning with 17 and 4, and situ- 
ated on a brush of light (Gledhill’s streak /3), extending from No. 3 to the 
N.E. nm of Plato. 

1871, March 3. Mr. Pratt observed 10 spots, viz. 1, 3, 4, 5, 14, 17,21, 
20, 23, 29, 0, 18, 13, 19, 7, 0, ai ranged according to relative brightness. 
Of these Mr, Pratt speaks of Nos. 20 and 21 as being far above their usual 
brightness. Situated as they are near the north border, the Moon going 
north in latitude, they were not in the most favourable jicsition for observa- 
tion ; their great brightness is therefore remarkable, and connected with this 
is an increase of brightness in the streak a. The new streak between Nos. 5 
and 17 Mr. Pratt saw with case, joining the cast arm of the “ trident” with 
the “ sector” from closely south of 17 to opposite 5 

1870, October 0. Mr. Gledhill records Nos. 1, 17, and 30 as fine bright 
disks ; Nos 5 and 6 equal. Mr. Eiger observed Nos. 14 and 10, not seen by 
Mr. Gledhill ; 14 was equal to 5. 

Interval 108 to 120 hours, 

1870, September 7. Mr. Gledhill records Nos. 1 and 3 as fine sparkling 
disks, and 4 as a hazy spot. Mr. Neison records Nos. 1, 3, 4, and 5 pretty 
distinctly visible ; 17 brilliant but not well defined , 14 and 16 faint and 
very faint respectively. 

1869, November 16. Mr. Gledhill says, “ I never saw the floor so bnght. 
The spots 1, 17, 9, 3, and 30 appeared just like small stars in the transit- 
instrument on a windy night.” At 10, 11, and 12 hours Mr. Gledhill 
remarked that spots Nos. 3, 1, 9, and 17 formed a sparkling curve, and were 
fine easy objects, seen at a glance at any moment ; he says they were very 
striking. On the contrary, he speaks of spots 23, 16, 19, 13, and 14 as very 
difficult objects; none were ever easy objects. Of 9 and 11 he says, “I 
never saw them so easily and well as to-night.” The following notes are 
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important : — “Nos. 1, 3, and especially 17 (which surpasses all in sharpness, 
and perhaps in brightness sometimes) are fine easy objects, with model ate 
altitudes. Now Linne never appears like these except when near the even- 
ing terminator. As to y Posidonius I never see it sharp and crater-like 
(white and bright) when the sun is up. I could not see it at all the other 
day when the morning terminator was a degree or two from it.’’ Of white 
s^iots Mr. Gledhill remarks . “ I called some spots mere white spots, because I 
have never seen them otherwise , by-and-by I may catch them near the 
terminator, and have reason to change the term. I fancy that when the 
terminator is a morning one the effect on objects difiers from that given by 
the evening terminator.” 

Interval 120 to 132 hours. 

1871, March 4. Mr. Neison saw spot No. 14 very indistinct, and barely 
brighter than a longitudinal steak running in a direction from No. 13 to past 
No. 14, which was then situated upon it. It appeared to have its ongin at 
the point of convergence of Glcdhill’s 0 and On the same evening, Mr. 
Gledhill recorded 0 but not On March 4, Mr. Neison saw No. 16 (once 
only) as a jiecuhar light-marked spot on a patch of broken light trending 
westward. Mr. Neison also iccorded parts of the N.W. and B.E. portions 
of the floor indistinct from broken light and light streaks. 

1870, June 11. Mr. Eiger recorded spots Nos. 5 and 16 as seen only by 
glimpses. 

Interval 132 to 144 hours. 

1870, April 14, Mr. Gledhill records Nos. 1, 3, 4, 17, 0, 11, and 30 as 
bright round disks. Mr. Eiger writes, under date of April 26, 1870, relative 
to his observations of April 14, as follows . — “ That the visibility of the spots 
is connected with the position and brightness of the markings (as you sug- 
gest) is, I think, most probable : it is clear that the spots at present known are 
mainly confined to the districts occupied by the markings, and that the floor 
of Flato is divided by the latter 
into three nearly equal areas. A, 

B, C, as on sketch. Areas A and C 
are covered with raai kings, but 
area B is devoid of them. If 
we compare the number of spots 
in area B mth the number of 
spots in areas A and C, we shall 
find that there are only two spots 
(23 and 11) in area B, while in 
area A there are ten, and in area 
C no less than twenty -three. It 
is true that small poitions of the 
areas A and C are without 
markings , but the spots within those areas are, without an exception, situ- 
ated cither upon the light streaks or close to their holders. These facts 
seem to me very suggestive, and point to an intimate relation between the 
spots and markings. As observations accumulate, your present belief m a 
connexion between the phenomena will, 1 think, be placed beyond doubt.” 
In connexion with the above, the following quotation from a letter by Mr. 
Pratt, dated 1870, April 22, is interesting — “ Very curious the difficulty 
there is in observing such delicate detail , possibly instruments and eyes will 
show differently, independently of the mental bias and accumulation of pre- 

1871. » 


Pig. 7. 






REPORT — 1871 * 


viouB impressions ‘ and I rather fear that telescopes tnuch larger than my 
own cannot help us out of the difficulty.” 

The difficulty to which Mr. Pratt alludes is particularly felt with regal'd 
to that indispensable method of determining positions “ measurement.” Mr. 
Gledhill has executed some measures of the positions of the principal spots 
and the extremities of the light markings, and Mr. Pratt has aligned Several 
of the spots with objects on the border ; but so exceedingly dehcate are the 
details, and so seldom is the state of the atmosphere sufficiently translucent 
and free from agitation, that to obtain an approximate plan of the spots and 
markings from measurement is necessarily a work of time. Pending this, 
in the above sketch both spots and markings have been inserted, partly on 
alignment and partly by estimation. The two light regions are well sprink- 
led with spots, as pointed out by Mr. Eiger , and it is not a little interesting 
to notice that the neaily spotless aiea coincides with the region between 
the “trident” and the “ sector,” with its prolongation to “ WebVs Elbow” 
near the N.W. border. In the absence of more accurate detail, which is likely 
to be obtained from Mr. Gledhill’s measurements, the sketch (fig. 7) will serve 
as a guide for ascertaining if the spots and markings preserve their relative 
positions ; and in this connexion the remarkable change of locality, if it be so, 
of spot No. 5 may be mentioned, Mr. Eiger having seen and recorded on three 
occasions (1870, March 14, May 13, and October 10) its position on the casterti 
edge of the eastern arm of the “ trident ” It is possible there may be two 
neighbouring spots in this locality which have not yet been seen together. Th^ 
importance of recoiding with every observation of spot No. 5 its position with 
regaid to the eastern arm of the “trident” is obvious. The light streak 
supposed to bo connected with No. 5 is too far south, or the spot is too far north* 
on the sketch. 

1870, May 13. Vxde “ Indications of intermittent visibility” (p. 88). 

1870, January 15. Mr. Gledhill observed as many as 22 spots, the second 
greater number seen on any one occasion. Vule “ Indications of inter- 
mittent visibility.” Spots Nos. 1, 3, and 1 7 are described as very easy, Idrge* 
bright, sharp objects , No 4 as jumping into view and not steadily seen. 
No 34 was discovered this evening , it has not been obseived since 
March 13, 1870, when it was recorded as an easy object. 

1869, August 20, 21, and 23. Mr. Gledhill gives three spots close to the 
N.W. border, which he has marked 13, 19, and 10. No. 10 being too far 
east for that spot, I have regarded it as 20 , if, however, Mr. Gledhill really 
saw 10, its degiec of visibility would be slightly increased On August 23 
Mr. Pratt gives 16 in its proper position, and ho observed the same number of 
spots as Mr. Gledhill ; but Mr. Gledhill saw No. 12 and 31, which Mr. Pratt 
did not sec, Mr Pratt recording Nos. 7 and 30, not seen by Mr. Gledhill, 

1870, September 8. Mr. J{eison records spot No. 4 as a flat indistinct 
spot; 17 sharp but bright, darkening on one side, and showing traces of ^ 
crater-forraation. 

Interval 144 to 156 hours. 

1870, August 10. Mr. Neison records spot No. 3 as apparently oval; the 
longer axis of the ellipse is in the diicction of No. 31. 

1870, October 8. Mr. Eiger mentions No. 14 as very easy, 16 easy, and 
17 seen only occasionally. 

Intei’val 158 to 168 hours. 

1870, May 14. Mr. Eiger recorded No, 16 easy; 5, 14, and 17 faint; 25 
and 32 seen by glimpses. Mr. Gledhill records 1, 17, 3, and 0 as bright 
disks, 4 not well seen, nnd 5 as a bright spot. 
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1870, September 9. Mr. Eiger recorded No, 5 faint, 17 especially faint, 
14 and 22 glimpsed, and 14 difficult. 

Interval 168 hours to Meridian Passage, 

1870, June 13, Mr. GledhiU has this remark: “Eor some time I have 
thought that when power 115 was used, spot No. 4 was almost at any time 
to bo seen, or at any rate a condensation of the ‘ sector’ at its apex was 
seen. On applying 240, however, the appearance vanishes, and no con- 
densation or spot is seen, or perhaps only sometimes and at intervals.” 

Interval Meridian Passage to 168 hours. 

1870, July 13. Mr. Gledhill lecords No. 1 as very bright. 

1870, Beptember 10. Mr. Eiger reeords Nos. 25 and 16 as easy, No. 14 
as seen by glimpses. 

Interval 168 to 156 hours. 

1870, August 12. Mr. Neison records “a spot seen on the bolder of No. 
3, very small and hardly visible except at intervals, but pretty bright on 
edge only of the light niaikmg ” Mr. Neison suspected it to bo No. 31, 
which it undoubtedly is according to the position -Mhich he has accorded to 
it on the diagram. Mr. Neison was the only observer who detected No. 31 
during this lunation, on the 10th and 11th of August, as an elongation of 
No 3. Mr. Eiger, Mr. Gledliill, and Mr. Pratt appear to have missed it. Query, 
was the group Nos. 3, 30, and 31 in greater activity about this time ? 
Mr. Neison has this note, “ 3 Eaint indications of its being a crater very 
distinct.” Mr. Pratt records: “During the long period since I last saw 
the light streaks I have had little opportunity to study foimcr sketches, and so 
Was free in a measure of the bias of them. Yet on sketching those seen, 
the forms, positions, and directions coincide with former diawings, notably 
the trident a, (3, rj, h” Mr. Pratt also notices a remarkable increase in 
biightness of spot No 22, so as to attract especial attention. Neither 
Messrs. Eiger, Neison, Orraesher, nor Gledhill noticed this spot, although 
they were observing on the same evening as Mr. Pratt, who fuither re- 
marks “ that in moments of best definition the area comprised between 
Nos. 19, 1, and 4 was not neaily so well displayed as the rest of the floor, 
giving a strong impression of an obscuring medium located there.” [This 
observation of the streak ?, the existence of which has been questioned, is 
perfectly independent of any suspicion of its non-existciice, as it occurred 
some months before the question was raised.] 

1870, October 10. Mr. Eiger found spot No. 5 on the E. edge of the E, 
arm of the “trident;” its position, as given by Mr. Pratt, is on the W. 
edge of the E. arm. He also found that Nos. 5 and 14 were far inferior 
to 17. Spot No. 25 was easy. Mr Eiger did not see spots Nos. 9, 11, 18, 
23, nor 30 recorded by Mr. Gledhill, nor did Mr Gledhill see No. 14. Eor a 
special note on the position of spot No. 5, which Mi. Eiger also saw on the 
E. edge of the “trident” on May 13, 1870, sec Interval 132 to 144 hours. 

1870. On the 12th of August, and on September 7, 11, and 12, Mr. 
Neison made a series of observations AVith apertures var} ing from 4 to 5^ 
inches, with difierences of ^ of an inch. 

Inches 4 4^ 4| 4| 5 5| 

Spots 4 4 6 5 6 7 

The spots seen were Nos. 1, 3, 4, and 17 with 4 and 4| inch apertures, the 
same and No. 5 with 4| and 4f ; with 5 inches aperture spot No. 14 was 
detected and marked as faint, and with 5| inches No. 16 was discerned.; 

o 2 



81 REPORT — 1871. 

the last two, Nos. 14 and 1(5, were in. all cases marked as ** faint,” some- 
times extremely so. 

These seven spots are precisely those which have the highest degrees of 
visibility for 18 lunations, as under : — 

Spots 1 3 4 17 5 14 16 

Visibility .. 1-000 -897 *887 *830 -510 -433 *294 

From these observations, it appeafs that spots Nos. 1, 3, 4, and 17 may 
be detected with instruments between 4 and 41- inches of aperture, that spot 
No. 5 requires an extra half inch, or 4| to 5, and that 5 and 5^ will bring 
out spots No. 14 (5 inches) and 16 (5| inches). 

Aperture, of course, is an important element of visibility; and as these 
spots are seen with apertures under six inches, as the observations increase, 
and the normal degrees of visibility become well determined, variations in 
the visibility of these spots may be detected with instruments of 6 inches 
aperture, provided the observations extend over a sufficiently long period. 

Elements of Visthihf^, 

Lunar. — Brightness and size of spots. 

Terrestrial. — Clearness and steadiness of atmosphere. 

Instrumental. — Goodness of figure of object-glass or mirror, and extent 
of aperture. 

Physiological, — Keenness of eyesight. 

Interval 156 to 144 hours. 

1870, July 14. Mr. GledhiU records No. 1 as a fine, large, bright spot, 
No. 17 as a small bright spot, Nos. 3 and 30 as bright spots, and No. 5 a 
bnght spot, seen now and then. Mr. Ingall records No 1 as vc^y plain 
and sharp. No. 4 as steadily seen, and Nos. 3, 31, 30 a misty spot, probably 
consisting of these three. 

1869, August 23. Mr. Pratt records that “spots Nos. 1, 3, 4, 17, 6, and 14 
were very bright compared with their usual appearance, and all easily seen. 
No. 4 was not well defined ; there was a persistent oval light round it (N.W. 
and S.E), and I several times believed it to be double, but could not be positive 
it was so. So remarkably clear was the vision that several times as many as 
four or Jive spots were held in view at once, without looking directly for 
them, and two or three times as many as six were so seen, viz. Nos. 1, 3, 
4, 17, 5, and 14 ; again, Nos. 1, 3, 4, 17, 6, and 5. Nos. 4, 7, 6, 17 were 
a group seen together, and Nos. 5, 14, 22, and 1 were a similar one ; yet 
still so exceedingly delicate are the fainter spots and the fainter traces of 
light on the floor that it needs a most concentrated attention to see either. 
In looking for the faint spots the faint traces of light will escape notice ; 
again, when looking for tFe latter, the former are most likely not to be 
seen. This exceeding delicacy too interposes a serious difficulty in aligning 
them with objects on or near the border . the eye cannot hold so wide a 
view and at the same time retain a sufficiently correct impression of objects 
at once so faint and small. These remarks do not apply to the easier spots 
and light streaks. Once, for a few minutes, a narrow, dark, straight line, 
like a pencil-mark, was visible from m towards Ramhleta [i. e. from N.W. 
to S E.], probably the crack Mr. Birt has discovered. It was not seen 
again this evening.” 

1870, September 11. Mr. Neison records No. 1 as very distinct, No. 3 as 
distinct and brilliant, Nos. 5 and 14 as faint, 5 as rather so. 
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Interval 144 to 132 hours. 

1871, March 8. Mr. Ormesher records a spot near the S.W. border, 
which he queries “ 14, a long way off” from its position. Is it a spot not 
before recorded ? 

1870, August 13. Mr. Gledhill records spots Nos. 3 and 17 as fine bright 
disks, No. 1 as a fine, large, bnght disk, and No. 4 as a nebulous object. 
Mr. Pratt remarks that “ on this evening, as well as in 1870, August 12, 
the tint of the dark portions of the floor was much intensified close to the 
rim. It was the case all round, but especially so between h and between 
c and 4’, and between /3 and rj.” 

1869, December 20. Mr. Pratt places a spot nearly due north of No. 1 
on the diagram of this evening, which ho queries as 23. I query it as un- 
certain. Spots Nos. 1, 0, 23, and 16 very nearly align. The line passing 
through Nos. 1, 0, and 23 passes slightly west of No. 16. Mr. Pratt’s spot 
is very decidedly east of this line. [1871, March 31. The spot registered 
by Mr. Pratt on Dec. 20, 1869, not having been reobserved, it is probable 
that it may have been, as Mr. Pratt queried, No. 23. I have now entered 
it as such. — W. 11. B.J 

Interval 132 to 120 hours. 

1870, September 12. Mr. Neison records of No. 22, “ a spot very faint, 
and difficult to make out in the midst of a patch of light.” 

Interval 108 to 96 hours. 

1870, July 16. Mr. Gledhill records spot No. 1 as “a fine, largo, bright disk; 
looks like an elevation ,” also Nos. 3 and 17 as bright disks. I have made 
the following note on the Form : — “ 9 and 0. These do not appear in their 
precise localities, especially 0. It may be that the spot thus marked by 
Mr. GledhiU is a new one.” 

1870, December 12. Mr Pratt wiites: “A faint crepuscular kind of 
shade has crept over the western part of the floor, and is deepest near the 
western border ; but the gradation is very delicate, 12 hours to 12 hours 40 
minutes.” [1870, March 24. Mr. Gledhill noticed a darker tint at the west 
part of the floor, and furnished a tinted sketch : see remarks under this 
date (p. 87) ; also Mr. Eiger’s observations of the same portion of the floor 
being light, under date 1870, August 6, interval 48 to 60 hours.] 

1870, November 11. Mr. Gledhill records spots Nos. 1, 3, 30, and 17 as 
hinght spots. On the 13 of September (same inteival) he recoidcd them as 
“bright or fine craters;^’ with the exception of Mr. Ncison’s record on 
August 12 of No. 3 as a suspected ciatcr (intcival 168 to 156 hours), this in- 
terval (108 to 96 hours) is the earliest in the declining day that the four have 
been seen as crateis. The terminator is recorded as west of Fracastorius. 

1870, September 13. Mr. Gledhill recoids spots Nos. 1, 17, and 30 as 
bright or fine craters, and says of 17, “ fine cratei as 1 and 3;” but of 3 
he 6a}8, “fine disk.” I haie marked 3 as a crater. 

Intcrv'al 96 to 84 hours. 

1870, August 15. Mr. Piatt records that the daiker margins of the 
shaded parts of the floor aio still visible as on the 12th and 13th August, 
but not in such striking contrast. 

1870, October 13. Mr. Pratt records spot No. 1 as brilliant, the others 
dimmer than usual. 

Interval 84 to 72 hours. 

1869, August 26. Mr. Pratt remaiked a decided difference in definition 
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in different parts of the floor, even in so contracted an area, the whole 
northern half being less well defined, the south-east part the best so by 
far. Traces of the hue from m to Ran^bleta were caught, and the floor 
appeared unhvel, the central and south parts appearing highest, and the 
south-west part next so. This, Mr. Pratt says, requires confirmation. 

1870, September 14. Mr. Gledhill records No. 3 as a fine wide double spot 
(i. €. 8 and 30). Mr. Neison (same day) remarks as follows of Nos. 1, 
3, and 17, seen by Mr. Gledhill as craters : No. 1 not very distinct j No. 3 
sharp and shaded, not very bright ; No. 17 very distinct. 

Interval 72 to 60 hours. 

1870, August 16. Mr. Pratt observed 3 spots only this evening. On 
October 14 (same interval) 16 were observed, 9 by Mr. Gledhill and 7 by 
Mr, Pratt, in addition. They both record the definition of the border as 
“ good ; ” Mr Pratt says, “ with interruptions ” On August 16, Mr. Pratt 
records the definition of the border as “ bad.” The following remark of Mr, 
Pratt is interesting in connexion with this paucity of spots : — “ The darker 
parts or shaded portions of the floor were just perceptible with attention, 

‘ Tint of floor’ medium, much paler than on the 13th inst.” 

Interval 43 to 36 hours. 

1870, August 17. Mr, Gledhill records No. 1 as a fine, largo, open crater, 
3 and 30 as craters, 17 as a small crater, and 4 as a bright but not de- 
finite spot. 

Interval 36 to 24 hours. 

1870, March 23. Mr. Gledhill writes . “ The shadow of the elevated ob- 
ject on the oast border (the rock close to the N of W. II was on 
the floor, and the adjacent floor to the N W. was vej'y hrt(jht, much brighter 
than a or the ‘sector,’ and it extended one tbiid of the distance from the 
border to spot No 4, as in sketch ” Mr. Gledhill could not determine itg 
form, but considered that it was the stieak rj intensified 

1870, July 19. Mr Gledhill observed the four craters 1, 17, 3, 30 only; 
he described No. 1 as a large circular crater with raised walls, but not 
much brighter than the floor. 

1869, August 28. Mr. Pratt writes . “ The level of the floor was con- 
spicuously divided by the line from m to c, the ground sloping east and 
west of this line, the eastern jiart being bnghtcr than the part on its west, 
while the locality of spot No. 4 was judged to be the highest of the whole 
floor.” In connexion with this roraaik of Mr Pratt it may be well to 
notice that, combined with Mr Eiger’s observations on 1870, Jan. 10, of 
a depression in the floor east of No. I (sec Interval 12 to 24 hours), the two 
suggest that this depression docs not extend so far as No. 4. Again, com- 
paring this observation of the western part of the floor being darker than 
the eastern, which is in accordance with Mr. Gledhill’s on March 24, 1870 
(see Interval 12 to 0 hours), it would appear that Mr. ElgeEs observa- 
tion of the bright western area on 1870, May 9 and 10 and August 6, was 
an intensified brightness of the ordinary brilliancy of the floor, sloping to the 
west. The Intervals 24 to 36 and 48 to 60 hours, the season spring, with 
the sun’s altitude about 14°, seem to indicate that the increased bnghtness 
was quite independent of illuminating angle. 

Speaking of the apparent changes observed, not only on Plato, but over 
a wider range, between August 16 and 28, 1869, Mr. Pratt says ; “ Thus, 
among apparent changes of a particular character, and restricted to certain 
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small localities, there does appear to have been a wider and more gene- 
ml disturbance m the brightness and definition of objects, all which dis- 
turbance appears to be confined to the low-lying lands of that part of the 
pioon observed. Not that changes were not visible in high regions ; but 
these are more easily referred to changes of illuminating and visual angle, 
while the disturbances above mentioned are not so easily accounted for, 
especially those changes in the visibikty of the light-streaks on the floor 
and the striking differences of brightness of the spots.” 

1869, October 26 In connexion with Mr. GlcdhiU’s return of this date 
I remark, “ ‘Crater Ilow’ being so well seen, and the bonier of Plato so sharp 
and distinct, it is remarkable that spots Nos. 5, 6, 7, 13, 14, and 16 should 
not have been well and easily seen, although it appears they were seen, also 
that spot No. 3 should have been seen single, and that only sometimes, when it 
was seen double the previous night.” 

1870, November 14. Mr. Gledhill observed Nos. 1, 3, 30, and 17 (ts 
craters, and says, “ they look like bright elevated rings.” 

Interval 24 to 12 hours. 

1870, March 23 See ante, Interval 36 to 24 hours. 

1869, September 27 Mr. Gledhill recoidcd a bioad band of brightness 
parallel to the noith border, enclosing spots Nos 13, 19, and 16 , he does 
not say they wore seen as well as the bnght band. I have, however, re- 
corded them as having been seen. 

Interval 12 to 0 hours or sunset. 

1870, November 15 The four cratcrlets Nos. 1, 3, 30, and 17 arc de- 
scribed by Mr. Gledhill as elevated ciatcr-cones. 

1870, March 24 Mr GledhiU writes. — “Terminator on N.E. end of 
Apennines , llie eastern shadows lie on the floor. A line drawn along 
the west edge of the ‘sector,’ and produced to the nortli bolder, separates 
the bright cast part of the floor from the darker west part , the inner slope 
of the west wall glows in sunlight, while the floor ncai it is the darkest 
portion of the crater [Wato].” 8cc p. 95, line 9. 

AnniTiONAL Noxns. 

Differences of Visibility of neighboui ing Objects, 

1869, August 26, 1 1 hours 30 minutes. Definition frequently exceed- 
ingly good but disturbed, with much boiling at times. Mr. Pratt has fur- 
nished the following rccoid — 

“ There was a marked difference between the M Imbrium, the M. 
Serenitatis, and the 3f Fru/ons, in respect of the visibility of minute objects 
on their surfaces. The Mare fmhnuni was lilernlly covered vith small white 
spots and streaks The three streaks from Aristdlus to the south border of 
Plato were again traced. Archimedes had roughly four light streaks E. and 
W , and about nine or ten easily discerned wlntc spots. Beer and Madler 
and neighbourhood looked invitmgly for a close study. ^ 

“The Mare Serenitatis was of a dull grey, with feiv white spots and 
comparatively few features visible. Of those visible all were very indistinct, 
EXCEPT THE MORE ELEVATED ONES ; thus, of tho Small objccts rouud Liunc, 
most were invisible, a few indistinct, even 1 E®*, I I Ev^ [the three small 
craters N.W. of Linni'] were almost obscured Linne itself a cloudy white 
spot, with knot of light in centre, but not nearly so bnght as when seen 
on the 23rd inst. Posidonius y was brighter and half the size of Linne. 
Bessel was tolerably clear. About half the number of white spots S.E. of 



88 


REPORT — 1871. 


JBessd were very indistinctly seen, the renuiinder invisible. Posidonius f 
just within the terminator, was fairly defined. Sulpiciv^ Gallus and one 
or two near it on the pleateau were clear ; so that the moke an object was 
RAISED above the genercd level of the Mare the clearer was its definition^ 
while those on the level of it were more or less obscured. 

The Mare Frigoris was very hazy mdeed ; even close to the foot of the 
north slope of Plato objects could not be defined, while those raised a little 
above the Mare were remarkably well defined indeed. The whole northern 
slope of Plato appeared everywhere rugged and uneven.” 

Indications of intermittent Visibility and of possible volcanic Activity. 

On the evening of the 13th of May, 1870, no less than twenty-seven spots 
were seen on the floor of Plato, 26 by Mr. Pratt, and an extra one by Mr. 
Eiger. This extraordinary display occurred between 132 and 144 hours 
after the terminator had passed 4° E. long. It is, however, not a little 
remarkable that, on the same evening, Mr. Glcdhill, at Halifax, observed 
four spots only. The great number seen by Mr. Piatt, as compared with 
the small number seen by Mr. GledhiU, is doubtless due to a fine state of 
the earth’s atmosphere at Biighton. 

With regard to the streaks seen by Mr. Pratt on the same evening ho 
remarks — “ I could not see the small streaks on the western part of the floor, 
and sometimes even my old ‘tndent’ and the streak k were so indistinct as to 
be difficult. What was the cause ? Surely not the earth’s atmosphere ; 
for at the same time spots could be seen. Perhaps we shall discover that 
spots are raised at a higher level than light streaks, and thus visible when 
streaks are obscured ” 

This remark of Mr Pratt’s is important : certainly the state of the earth’s 
atmosphere could not have affected the two classes of objects in different 
ways. If the intensity of the spots depended upon the purity of our atmo- 
sphere, one would think that the brightness of the streaks would also have 
been increased , but in Mr. Pratt’s expciienco it was not so. Mr. Eiger 
speaks of some as bright and others faint. Mr Gledhill, with a bad atmo- 
sphere, speaks of them as bright , but he saw only four spots. Are the spots 
really brighter than the streaks But, then, why do both vaiy in biightness ? 

Mr. Pratt having perused [carefully] the MS. has furnished mo with the 
following remarks : — 

“May it not be well to mention that, on the occasion referred to, 1870, 
May 13, I observed fifteen stieaJcs, one of which was a new one. [This 
was the streak from spot No. 5 towards No 14 ] This number ivos much 
above the average, the curious fact being that although so many were per- 
ceptible with attention^ yet the increase in tlieir brightness was in a lower 
ratio than that of the spots.^ There are two possibilities which may affect tho 
di8crepancy[difference]bcti\ccn the notes of Mr. Gledhill and myself in relation 
to thestreaks; — First, the times at which we observed may have been different. As 
for myself, I tested the chance of working with any thing like satisfaction once 
at least every half hour during the whole of the evening, and before I tried for 
the last time, at 11 hours, had been unable to perceive either one spot or streak. 
Secondly, priority of observation bestowed on objects of one class may detract 
from the estimated brilliancy of the other class. In my own case, immediately 
I wont to the telescope, at 11 hours, I saw seveial spots conspicuously, and in 
consequence searched for spots alone for nearly an hour. A search for so long a 
time for one class possibly may, in a slight measure, reduce the sensibility of 
the eye for objects of the other class, whether spots or streaks.” 

The following extracts from Mr, Pratt’s letter, dated 1870, May 19, are 
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interesting : — “ Some spots having at different times been obseiTed as cra- 
terlets, their character as volcanic is settled in my own mind. Whether 
all spots are analogous I should bo glad to know ; but on the supposition of 
such similarity existing, the suggestion naturally arises whether the light 
streaks be not scoriae or lava, or a mixture of both, resulting from the action 
of the craterlets with which they seem to be connected.^’ 

A comparison of the curves for the 20 lunations, Apiil 1869 to November 
1870, is suggestive of the craterlets being a distinct class of objects. The 
phenomena characterizing the cratelets, as indicated by the curves, differ 
very materially from the phenomena manifested by the spots ; for example, 
in the correspondence of the maxima at the time of the supposed outbreak 
of Aug.-Sept. 1869, we have an increase of visibility in spots, the behaviour 
of the craterlets being altogether different. Certain neighbouring spots, to 
which allusion has been made, declined greatly in visibility, and were very 
seldom seen dunng a penod in which the craterlets were almost always 
visible ; and in connexion with this it may be remembered that craterlets 
are characterized by high degrees of visibility, while of many spots which 
have large ranges the normal degrees of visibility are low. 

That a connexion exists between the streaks and spots is, as Mr. Pratt 
remarks, ‘^self-evident;” and Mr. Eiger has shown that most of the spots 
occur on the streaks. Now as both spots and streaks vary in bnlliancy and 
visibility, may not the steaks consist, as Mr. Pratt suggests, of ej’ecta from 
the volcanic orifices of the craterlets? The increased brightness of the 
streaks in the neighbourhood of the border has been frequently noticed, as 
well as the unevenness of the floor. It may bo possible that newly ejected 
matter (especially if it be of the character of “ broken glass,” suggested, I 
believe, by Dr. Huggins as explanatory of the appearance of Linnd) may 
reflect light more strongly, and thus contribute to the brighter appearance 
of the streaks about the time at which the craterlets manifest increased 
activity, and this may become so groat as even to conceal the craterlets 
themselves. On the other hand, although we are perfectly ignorant of any 
meteorological or chemical action occurring at the surface of the moon, it 
may be permissible to suggest that, if such action bo possible, the reflective 
power of the ejecta may become impaired, and the streaks in consequence 
rendered less bnght. 

It is exceedingly difficult to conceive that volcanic action can be in existence 
on the moon’s surface without “vapour” of some kind escaping from the 
orifices. If this be the case, condensation must follow, and the orifice may be 
covered by the condensed vapour, the upper surface of which may strongly 
reflect the light and produce the appearance of a spot when not m a state of 
actual eruption ; and this spot may be seen on a surface covered with ejecta, 
the reflective power of which has been impaired since it left the orifice. 

One of the brightest portions of the floor of Plato is the S.E., which is 
characterized by the “sector” or “fan.” On the 10th of January, 1870, 
Mr. Gledhill observed as many as nine crater-cones on the eastern part of 
the floor, viz. Nos. 1, 9, 11, 17, 4, 3, 30, 7, and 32. It is easily con- 
ceivable that ejecta from some of these may be the perennial source of the 
reflective power of the “ sector.” 

“ It is, as far as I can see,” says Mr. Pratt, “ not at all proven that it is 
impossible that they, the spots, may not be small acting volcanos at this 
present moment ; and you will please credit me with having noted that, on 
the 13th of May, although the spots were very greatly in excess of their 
usual brightness, the relative brilliancy of the light streaks was not nearly 
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in the sarao proportion, indeed not so high as on some nights when fewer 
spots have been visible. The supposition of Schroter of an exceedingly low 
atmosphere, confined to the lower regions, seems to me especially consonant 
with the above observations, for the following among other reasons : — 

- “ A thin atmosphere, the only possible detection of which is confined to the 
lower parts of the floor [that is within the mountainous enclosure of Plato], 
tnay obscure the streaks partially [to cflcct this there must be condensed 
material of some kind] without alfectiug the spots, which, if craterlets, are 
raised more or less above the level of the streaks [the low fogs, the upper sur- 
faces of which are at a less elevation than ordinary buildings arc high, may be 
cited as examples] , for such an atmosphere would probably bo rendered more 
dense by and during the supposed activity in the spots, which on that night 
were unusually bright and, according to the hypothesis, in action. [It must 
not bo forgotten that on comparing the observations of Air. Pratt with those 
of Mr. Gledhill, the presumption is that the unusual number and bnlliancy 
of the spots was simply the cflPect of a finer atmosphere at Brighton as 
compared with that at Halifax. The phenomenon which is at variance with 
this IS the less brilliancy of the streaks as recorded by Mr. Pratt ; still wo 
have the bright streaks of Mr. Gledhill supporting the hypothesis of the effects 
of the earth’s atmosphere ] Hence after a subsidence of the brightness of the 
spots and the restoration of the normal state of the atmosphere, we might 
expect to see the streaks come out more distinctly.” 

It will bo remarked that, in my suggestions above, the increased bright- 
ness of the streaks is supposed to depend upon the craterlets actually 
ejecting material, while the increased brightness of the spots depends upon 
tho escape of vapour. I have not quoted Mr Pratt’s remarks for the 
purpose of controverting them ; they appear to me to bo exceedingly 
valuable, and in tho present state of selenological inquiry it is important 
to canvass every view that may be put forward. It is quite consonant with 
both our views that increased activity in a spot may, and doubtless does, 
manifest itself by increased bnlliancy; and it is not unlikely that the forma- 
tion of a spot m the way suggested over a volcanic orifice otherwise invisible 
may precede an actual eruption, contnbutmg to an increased brilliancy of 
the streaks if they really result fiom volcanic ejecta. 

On the agencies capable of affecting tho visibility of objects on the moon 
Mr. Pratt remarks . — “ To my own mind tho only likely agencies that can 
exist m the moon capable of affecting the visibility of objects are tho every- 
where-denied lunar atmosphere and real volcanic activity ; as far as I can 
learn, the observations of some favour tho one agency, while other observations 
do tho same for the other, at the same time that different ob8er\er8 
alternately deny tho possible existence of cither. Surely they are very 
closely related. If volcanic activity bo established, can it exist without 
an atmosphere ^ While if a low atmosphere bo established, would not the 
stronger objection to present volcanic activity be removed‘s The hope that 
persistent and minute observation of a suitable region might produce a 
result sufficient either to weaken or strengthen the supposition has been at 
once the impetus and bond which has induced mo to give a largo share of 
attention to Plato. Wo may not have attained such a result even yet; but 
possibly continued application may be rewarded. I hope so. The close 
study of typical species is generally the best method of acquiring a good 
knowledge of genera.” 

Mr. Pratt further adds: — “ The reverse of what I have here stated I have 
several times observed, viz. that the light streaks on those occasions were 
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much brighter relatively to their best state thaa were the spots, of which 
generally at those times tew have been discernible ” 

1870, May 13. Mr. Pratt has not only specified the order of brightness as 


follows : — 
Spots No. 

1. 

4 

.3 

5 

17 

14 

22 

0 

13 

10. 

Visibdity • 

1000 

892 

897 

510 

830 

433 

175 

222 

156 

294 

Spots No 

20 

26 

18 

19 

29 

0. 

24 

21. 

9 

10 

Visibility • 

•040 

04(i 

072 

1,50 

030 

040 

•057 

020 

222 

•062 

Spots No 
Visibility , 

0 

040 

25 

144 

.30 

169 

31 

031 

12. 

031 

7 

•113 






which we can compare with the degree of visibility for the 18 lunations as 
given immediately under the number of each spot (from this comparison we 
see that the brightness on May 13 was not strictly accordant with the 
visibility), but ho has described the character of visibility by the words easy, 
conspicuous, &c , thus forming with the spots not seen eight classes of objects, 
an analysis of which may be interesting. 

Class I. contains one spot only, No. 1, deg. of vis. = 1 000. 

Pi^itt Exceedingly bright and dense. 

Eiger. Unusually bright. 

Gledhill. Bright spot 

Class II. contains one spot only, No. 4, deg of vis. = *892. 

Pr.itt. Bright but liazy. 

Eiger. No remark. 

Gledhill Spot. 

Class III. contains one spot only, No 3, deg of vis = *897. 

Piatt Distinct, he inserts 5 between 3 and 17. 

Eiger 3 and 17 nearly equal. 

Gledhill Bright spot. 

Class IV. contains four spots, viz. Nos. 17, 5, 14, 22, — 


No 

Pratt 

Elgcr 

Gledliill. 

Vis 

17. 

Conspicuous. 

Nearly equal to 3 
( A eiy faint on east 1 

Blight spot. 

•830 

5. 


^ border of eastein 
[ aim of “ trident.” ^ 

K Not seen. 

•510 

14. 

99 

Seen by glimpses. 

9 ^ 

•433 

22. 

99 

Not scon. 

99 

•175 


Mr Pratt observed the thiee components of the group 3, 30, 31 : ho 
described 30 and 81 as steadily seen, they occur in Class VI Mr. Pratt 
accorded to spot No 22 a high degree of brightness on this evening, and 
described it as “ conspicuous : ” neither Mr. Eiger nor Mr Gledhill detected 
it ; this doubtless depended upon the state of our own atmosphere. It may, 
however, be remarked that the spot was less visible on May 13, 1870, as 
compared with its iisibility in August 1809, when it was seen by every 
observer. 

The position of spot No. 5, as observed by Mr. Pratt on August 26, 1869, 
was on the ivest border of the eastern arm of the “ trident.” The spot No 5, 
discovered by Challis, and possessing a normal visibility of *510, has been so 
frequently observed as almost to warrant its stability of position ; and should 
its relative position, as regards the eastern arm of the trident, be found to 
vary, it will afford evidence of a probable vanation in the position of the 
arm. Schroter’s drawings of the Mare Cnsium indicate similar movements 
of the streaks from Proclus over the Mare. 
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Class V. contains eight spots, viz. Nos. 16, 6, 13, 19, 18, 20, 23, 29. 


No 

Pratt. 

Eiger. 

Gledhill. 

Vis. 

16. 

Easy, 

Easy. 

Not seen. 

•294 

6. 


Not seen. 


•222 

13. 


yy 

yy 

•156 

19. 


yy 

yy 

•150 

18. 


yy 

yy 

•072 

20. 


yy 

yy 

•046 

23. 


yy 

yy 

•046 

29. 

yy 

yy 

yy 

•036 


Of the spots in this class, and which Mr. Pratt describes as easy, ono 
only, No. 16, was seen by Mr. Elgcr. This spot has a higher degree of 
visibility than 22 in Class IV., “ conspicuous ; ” and this is perhaps another 
indication that the visibility of No. 22 on May 13 did not wholly depend 
upon the state of the earth’s atmosphere. 

The normal degrees of visibility in this class range from *294 to *036, 
furnishing a strong indication that they were seen in consequence of a fine 
state of the earth’s atmospheie. 

Class VI. contains five spots, viz. Nos. 9, 30, 24, 31, 21. 


No 

Pratt 

Eiger. Gledhill 

Vis 

9. 

Minute. 

Not seen. Not seen. 

•222 

30. 

Stcaddy. 

yy yy 

•139 

24. 

yy 

Seen 3 or 4 times. „ 

•057 

31. 

yy 

Not seen. „ 

•031 

21. 

yy 

yy yy 

•026 


Tlie same remaik may be applied to this class as to Class V , viz. that the 
spots were seen in consequence of a fine state of the eaith’s atmosphere. 
The two spots Nos. 9 and 30, with compaiative high degrees of visibility, 
are very frcijuently seen by Mr. Glcdhill, and doubtless were not seen by 
him in consequence of the bad state of the atmosphere at Halifax. 


Class VII. contains six spots, viz. Nos. 25, 7, 10, 2, 0, 12. 


No. 

Pratt 

Eiger 

Gledhill 

Vis. 

25. 

• % 

Frequently glimpsed. 

Not seen. 

144 

7. 

• • 

Not seen. 

yy 

•113 

10. 


yy 

yy 

•062 

2. 

Hazy. 

yy 

yy 

•046 

0. 

• • 

yy 

yy 

•046 

12. 

• « 

yy 

yy 

•031 


Spot No. 25, vis. *144, is ficquently seen by Mr. Eiger. 

In addition to the aboye, Mr. Eiger frequently glimpsed No. 32. The 
WHOLE of the above spots, as well as the streaks recoided by Mr. Pratt, were 
observed th'ce separate times at intervals of about twenty minutes. The 
majority was seen much oftener. 

The following spots were not seen on the evening of May 13 . — 

Spot: 11. 34. 8. 15. 33. 27. 26. 28. 35. 

Vis.; -144 -026 *015 *015 -010 -010 -005 -005 -005 

"With the exception of spot No. 11, which is frequently seen by Mr. 
Gledhill, these spots were doubtless concealed by or, rather, required a still 
finer state of the atmosphere to bring them out. It is difficult to say why 
Mr. Pratt did not detect spot No. 11 when he saw thiitecn spots with lower 
degrees of visibility. It is ono of those spots to which special attention 



OBSERVATIONS 0¥ LUNAR OBJECTS, 


08 


should be directed. Of the remainder, three have been observed once only 
by Mr. Gledhill, viz. Nos. 26, 28, and 35 ; two have been observed twice, 
VIZ. Nos. 27 and 33 ; two thrice, both old spots, viz. 8 (Gruithuisen) and 15 
(Dawes); and one, No. 34, six times between January 15 and March 13, 1870*. 

In his letter dated 1870, May 19, Mr. Pratt says that “ spot No. 3 could 
not be recovered even with the most minute attention.’’ Of spot No. 1 he 
says, it was brighter than I have seen it before, quite rovMd and dense, 
much like the image of a star on a good night surrounded by the very least 
trace of a ring of light. [Neither] internal nor external shadows could be 
seen, although I constantly expected a slight glimpse.” 

Sjpot No. 22. 

In reference to this spot Mr. Pratt writes, under date 1870 August 26, as 
follows ; — 

Spot No. 22, according to my observations, has manifested a remarkable 
increase of brightness, and those parts of the shaded portions of the floor of 
Plato which are nearest to the nm have come out more conspicuously darker 
than the rest than I remember to have previously noted. The tint of the 
floor, to«, has progressively paled. These three phenomena [the increased 
brightness of spot 22, the intensification of the darker parts of the floor near 
the rim, and the progressive paling of the floor] may possibly be connected 
by a common cause ; for certainly in this lunation there is somewhat of a 
coincidence amongst them ; for instance, spot 22 is intensely bright at the 
time the marginal portions of the shaded parts are most conspicuously dark, 
and these two, again, coincide with the time when the general tint of the 
floor is at its darkest. Again, after August 12 and 13, spot 22 decreased in 
relative intensity, although I am not ready to hazard the assertion that it 
had on August 16 positively declined to its usual intensity, as it was not 
seen. [It was on this evening that Mr. Pratt observed three spots only.] 
Two similar instances, I believe, I have noted before, when 22 manifested a 
singular brightness at sunrise. But the connexion between the visibihty of 
the deeper-tinted margin and the general deepening of colour is perhaps more 
close stiU, as both certainly paled after August 13. The perplexity seems to 
be that the variation in intensity of the margin is relative in respect of the 
general colour ; and if differences of angles of illumination and vision do affect 
the general tint, it might bo supposed that they would in the same manner 
affect the margin and so produce no relative vaiiation of intensity.” 

In connexion with the relative intensity of which Mr. Pratt speaks, the 
state of the border is somewhat important. August 12 and 13, when the 
marginal portions of the floor were intensified m colour, Mr. Pratt recorded 
of the border : — “ Definition fair at times, with much tremor, wind N.E.” 
This was on the 12th. On the 13th the record is : “ Border, definition bad, 

* The history of spot No 34 is curious , the following are the only records which exist 
of it The observations were all made by Mr Gledhill with the Halifax 9 J-inch equatorial 
in the Observatory of Edward Ciossley, Esq 

1870, January 15, 10 to 13 hours “ I am continually thinking I see an object close to 
No 1 and to the west of it." 

February 11,6 45. “ No 1 often comes out double , last year I often saw it thus. I am 
now almost quite sure I see a minute object close to the west of it ’’ 

February 12, 6 0 " Saw 9, 11, 30, and object close west of No 1." 

March 12, 6 to 8 hours. No. 34 mentioned as having been seen. 

March 13, 6 to 12 hours. “ Unless I am very much mistaken indeed 34 is an easy 
object, * s. No 1 comes out easily double " 

There are no records after this date. Instruments less than O-inches aperture are not 
likely to redetect it. 
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much boilitog, wind N.E Oh the 12th, definition fair, the floor was I'ecorded 
as “ very dark.” On the 13th it was dark, hut not so much so as on the 
12tb. On the 16th, as well as on the 16th, the definition of the border was 
“ bad.” These records clearly throw a doubt upon the supposition of the 
“ paliflg ” having resulted from some lunar action, inasmuch as when the 
deeper tint was observed the definition was “good,” the “tremor” and 
“ boiling ” having a tendency to confuse the portions of the floor. On the 
other hand, spots have been much more numerous with bad definition than 
3 as observed by Mr. Pratt on the IGth ; and this would lead to the supposition 
that the apparent extinction of the spots with a pale floor was in some 
way differently connected than by a deteriorated state of the earth’s atmo- 
sphere. I have often observed that the passage of a thin cloud over the 
moon has greatly contributed to intensify the tints of the darker portions of 
the surface , but m this case the intensification has been general and not 
partial, as it would be if dependent upon local lunar action. 

Mr. Pratt records a case of paitial ohsciiration which was well seen oh 
August 13. “ It appeared,” says Mr. Piatti “ on this wise. A general view 

of the floor showed it much speckled and streaked in other parts ; but over 
the area specified [Mr. Piatt has not mentioned the particular part of the 
floor; but fiom what follows I apprehend it must be in the neighbourhood of 
No. 3] there seemed an absence of markings ; close attention, however* 
enabled some to ho seen, but not nearly so richly as the i emamder of the 
floor, and we know well enough that that paiticuhir, aica is not wanting in 
markings. The evening’s view has just occuired to memory when I first 
discovered that spot 3 was a tuple one, and had a remarkable view of its 
neighbourhood [Qy Was this on May 13 ?J, thcrefoie exactly the reverse 
being the case. August 13 seems as conclusive a proof as one observer is 
likely to obtain in a year’s work ” 

Of four observeis on the same evening, two rocoid No. 3, and the other 
two appear not to have seen it. Taking them in chronological order, Neison, 
0.5 to 9.15, records it as distinct, Piatt, 10 30 to 12.30, did not observe 
it; Ormeshcr, 11^0 to 11.30, docs not show it in his di awing ; Gledhill* 
14^, records it as a bright disk : he also records 30. As these observations 
are not contemporaneous, with the exception of Onneshcr’s, having been 
made while Pratt was observing, it appears, from its absence in both their 
records, that from 10.30 to 12.30 it was really not visible , and this tends to 
support Mr. Pratt’s idea that for the time it was hidden by something like 
an obscuring medium. What this could have been it is difficult to surmise. 
The remark, however, of Ncison that 30 was not to be seen between 9.6 
and 9.16 is interesting in connexion with Gledhill recording both spots at a 
later epoch, 14^, and also detecting five not seen by Pratt, viz. 3, 30, 9, 11* 
18. Ncison suspected he_saw 14, not recorded by Gledhill nor Pratt, but 
seen by Ormeshcr. Pratt saw 22, not seen by cither of the others. The 
case of 14 is a little perplexing ; it might, however, have been missed by 
Pratt on account of the had definition. With regard to the greater number 
of spots seen by Gledhill, two circumstances may have contributed to this 
result, the larger aperture of Mr. Crossley’s instiumcnt and the epoch at 
which Mr. Gledhill observed. It may possibly be found that the greater 
number of spots recorded after the sun’s meridian passage at Plato depend 
upon the steadiness and purity of the air mostly experienced after midnight. 

Sunset and Sunrise on PlatOk 

Extracts from Mr. Pratt^s notebook, 1870, Oct. 17, 11^ to 12’'. Defini* 
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tion^fair, ‘with "boiling. * Plato is a grand and striking sight. Tint of 
floor medium More than half the floor m shadow. Terminator just in- 
cluding the W. nra. The rim of the crater on the N. exterior slope finely 
seen. In three parts the rim appeared h oJcen down to level of floor — close 
to m, opposite to c, and nearly so at W. II [the breaks at m and op- 
posite c are in the line of the well-known fault crossmg Plato from N.W, 
to S.E.]. ^ was throwing a long spire of shadow the full length of the 

floor at 11*' 40“\ That part of the floor contiguous to the W. and S.'W^. 
rim was deeply shaded, with streaks of shade running to'w ards the eentre of 
the floor. Between the break near c and the shadow of a straight shading 
as of a narrow valley was well seen. [These shadings appear to be roughly 
coincident with the dark spaces on the floor as seen under high illutnination* 
the straight shading being, as Mr. Pratt suggests, between the ‘ sector ” and 
the E. arm of the “ trident.’’ Is there really a valley here running into 
the central depression between 1 and 4, seen by Mr. Eiger in January, 1870, 
and observed much earher by 8chr(»ter Between these shadings and the 
shadow of the E. rim were three roundish lujhter regions, the higher parts of 
the floor giving the appearance of a strongly maiked convexity.” 

“ A strong suspicion arises that the apparently higher portions of the 
floor are the light st teals usually seen, and the highest parts are spots 1, 17 
and 5.” Mr. Pratt further suggests that the light streaks are coincident 
with formations analogous to “spurs” from the chief centres of the icsidual 
activity on the floor. 

It 18 not a little remarkable that on the occasion of such a very favourable 
oblique illumination the ciaterlets 1 and 17 should not have been detected 
by Mr. Pratt, both have raised rims of the nature of tiuc volcanic cones, 
and 1 has been seen, and I believe 17 also, with interior shadows and bright 
interiors facing the sun Mr. Pratt does not appear to have seen even the 
remotest semblance of a shadow. The spots ptoperhj so called do not appear 
generally until the sun has attained ah altitude of 20°. If ciaterlets are 
recorded as spots earlier, it is probably in consequence of bad definition 
confusing the crater-foini appeaiancc. Is it possible that on the two 
occasions mentioned by Mr. Pratt, Oct. 17 and Nov. 1, the craterlets 1, 17» 
3, and 4 were by some means concealed'^ As regards Nov. 1, the observatioi^ 
of the crater-cones as the shadows gradually recede from E. to "W. is very 
frequent 5 indeed the surface of Plato as it just emerges out of night appears 
to be 111 a very different state to what it is about mid-day ; objects are much 
sharper, and it is difiicult to conceive of any agency so affecting such visible 
objects as to render them invisible at a time when they arc generally most 
conspicuous. So far as contcmpoiancous observations are capable of throwing 
light on this phenomenon, thiee spots only were recorded on the same even- 
ing ; No. 1 by Mr. Eiger, who noticed it from O’* to O’* 5"*, near the shadow 
of the summit of the middle peak of the W. wall, three hours later than 
Mr. Pratt’s observation. Mr. Glcdhill at 6’*, same as Mr. Pratt, says, “ Moon 
so low and air so thick that vciy little light fiom moon can reach us he 
says also, “ I see 3 as double elevated cones [t.e. 3 and 30] No other objects 
can be seen.” Mr. Neison, 5.10 to 8.15 [probably 8.10 to 8.15] succeeded 
in seeing 3 only, which he i ecords as very faint. He does not give the state 
of the atmosphere as to definition ; but from his remarking that “ a deep cleft 
in west edge of wall was very distinctly seen,” I should suppose that it was 
pretty good. Taking the four sets of observations it would appear that at 
sunrise on Plato Nov. 1, 1870, some agency was in operation capable of 
concealing the craterlets ; and combining these observations with those of 



96 REPORT — 1871. 

Oct. 17, it would also appear that the same agency was in operation at the 
time of the previous sunset. 

1870, Nov. 1, 6^* to 6*^ 40”*. ** A grand view again. Definition fair at 

times. The margin of the eastern end of the floor very distinctly shaded, 
showing that end to be convex as well as the western. This shading did not 
conform to the general form of rim, but ran inwards (as shown in the 
sketch) ; and three places on the floor were much brighter than the rest, 
which was free from shading (their localities I have no doubt are those of 
spots 3, 4, and 17), while the next bright parts of the floor are suggestive 
of the light streaks; and the shading or lower part coinciding with the 
narrowing of the streak between 4 and 3 as seen under higher illumination 
in a measure supports the impression.” 

The dip of the floor towards the border, as mentioned by Mr. Pratt, is 
now well established by numerous observations, also the comparatively 
greater elevation in the neighbourhood of the fault crossing Plato from 
N.W. to S.E. These characteristics will probably afford some clue towards 
framing a theory of the foimation of the plain and rampart. Starting with 
the now acknowledged principle that the moon manifests on a large scale the 
operation of volcanic forces, wo may first inquire as to their modus operandi 
in the forms wo observe. So far as we know, volcanos and earthquakes are 
closely connected, and there is great reason to believe that both are the 
results of eocpansion occasioned by the intumescence of material beneath the 

Fig. 8. 
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crust or surface. It w as, I believe, Scrope who first called attention to the 
effect of the expansion of an intumescent mass elevating the superincumbent 
maternal ; and Hopkins, twenty-two years later, clearly showed that when 
the surface was elevated to the point at which the tension and cohesion just 
balanced each other, the slightest increase of tension ruptured the surface 
and produced fissures, which might be considerably augmented by earthquake- 
waves accompanied by the sudden subsidence of the tract between two 
principal lines of fissures. In applying this reasoning to the explanation of 
the formation of “ Plato,” the remarks of Scrope arc so much to the point 
that a transcription of them is essential to the duo apprehension of the 
forces concerned. 

In chapter x. of his ‘Considerations of Volcanos,’ p. 205 (1825), Scrope, 
speaking of M. de Buck’s opinion that the intumescence and nse of the 
basalt elevated the superincumbent strata, says . “ I differ from him, inas- 
much as I conceive the intumescence and nse of the basalt to be not 
the cause but the result of the elevation of the overlying strata. 

“A general fact, noticed by M. de Buch himself, proves this most 
thoroughly, viz. that wherever the basalt appears, the strata are invariably 
found dipping towards it, which is wholly inexplicable under the idea that 
the basalt elevated them. ... If, however, we suppose the expansion of 
the subterranean bed of crystalline rock to have taken place at a great depth, 
elevating the overlying strata irregularly along the line of various fissures. 
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as for example at A and B (fig. 8), it is clear such fissures will open outwardly ; 
but in the interval of two such fissures, as at C, another must he found opening, 
on the contrary, downwards, that is, towaids the confined and heated lava, 
which in consequence must intumesce and fill the space afforded to it, and 
perhaps force its way through some minor cleft upon the external surface of 
the elevated rocks.” 

Plato wo know to he a largo cavity in an elevated region, between the 
Mare Imbnum and the Mare Fiigoris, connected with the mountain-studded 
region of the Alps on the west, and descending with a iuecipitous slope 
towards the east. The w'hole of the surface around Plato is exceedingly 
rugged, containing at least the remains of three ciateis of moie ancient date. 
It 18 the floor of I’lato only that picsents any a})])eaiance of a i ecent chaiacter , 
and even this when viewed by \ery oblique light is fai from being level. 
The sketch (fig. 8) to which refeience has alieady been made is intended to con- 
vey some idea of the successive steps by which it is probable that Plato has 
arrived at its present form. It is roughly drawn to scale, which is somewhat 
too small, and, consequently, the height of the nm rathei exaggerated, the 
extent being 810,800 English feet, the height, under 4000 feet (< e. of the 
nm exclusive of the four pinnacles), will bo neaily part. The letters 

A and B aie placed over the supposed foci of expansion, the airows indi- 
cating the dncction of the elevating movements, the dotted line showing the 
extreme height to which the surface could be raised without fractuie. Over 
A and B, and above C, aie placed the three main fissures lesulting from the in- 
creased tension and the geneial bieaking up of the elevated mass, and which 
might have been accompanied with an almost immediate sid)sidence, as sug- 
gested by Hopkins, llepoit But. Assoc 1 847, p 04, in the follow mg passage . — 
“ If the intumescence of the subjacent fluid, and consequently its supporting 
power, were immediately afteiwaids diminished by the escape of elastic 
vapours, there wmuld be an immediate subsidence.” Such a subsidence, or 
rather a succession of subsidences, w'ould fully account for the formation of 
the floois of most craters , and the upwelling of lava fiom niimeious small 
orifices would tend to produce such a floor as we observe on Plato. The 
section presents all the characteristics of the wmllcd plain under considera- 
tion, the dip towards the border being strongly indicative of the main line of 
fissure opening outwaidly at the foot of the rampart. It may be well to 
mention that no new principle is introduced in this explanation, which is 
based upon the views of tw o leading geologists, aftei comparing them with 
phenomena that have been assiduously and repeatedly obseived. 


Second Provisional Report on the Thermal Conductivity of Metals. 

By Prof. Tait. 

Since the date of the fcimer Report the Committee have obtained a splendid 
set of Kew standard thermometcis. With these, complete sets of observa- 
tions, at very diffeient temperatuies, have been made on iron, two specimens 
of copper, lead, german silver, and gas-coke As great difficulty was found 
in keeping the source of heat at a constant high temperature in the statical 
experiments, they were repeated from day to day till satisfactory results 
were obtained But a simple and ingenious device of Hr. Crum Brown (con- 
sisting in making the descending counterpoise of a small gas-holder mp an 
india-rubber tube) supplied so very great an improvement in steadiness of 
temperature that it was considered advisable to repeat all the statical expe- 

1871. H 
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riments with this modification. This has accordingly been done, duiing the 
present summer, but it has not yet been possible to perform the large amount 
of calculation necessary to obtain final results. It may be stated, however, 
that the results as a whole wiU not differ very considerably from those for- 
merly obtained, so far, at least, as can be judged from a comparison of the 
graphic representations of the experiments. 


Report on the Rainfall of the British Isles , by a Committee, consisting 
of C. Brooke, F R.S. (Chairman), J. Glaishek, F.R S., Prof. 
Phillips, FRS , J. F Bateman, C.E,, F R S., B. W. Mylne, 
CE., FR S , T Hawksley, CE., Prof. J. C. Adams, FR S , C. 
Tomlinson, F R S., Prof. Sylvester, F R S., Dr. Pole, F.R S., 
Rogers Field, C E., and G. J. Samons, Secretary. 

Your Committee have much pleasure m repoitiug that the organization 
under their supervision is believed to be in a generally efficient state. With 
a stafP of observers, numbering nearly two thousand, spread over the whole 
extent of the British Isles, there can, liowever, be no question that, to ensure 
perfect efficiency and uniformity of observation, a systematic inspection of 
stations 18 absolutely necessaiy In a paper lead before the Society of Arts 
in 1858, Mr. Bailey Benton appeals to have considered that there should be 
one inspector to about each 200 stations , at that rate we ought to have ten. 
The Meteorological Committee of the Royal Society have made it a rule to 
have all their stations inspected each year On the most moderate com- 
putation it IS indisputable that at least one inspector of stations is required 
for our large body of observers, the whole of whoso time should be devoted 
to travelling. 

Ever since their appointment your Committee have felt and acted upon 
this conviction , but want of funds has prevented them from employing a 
regular inspector, and obliged them to rely solely upon the unpaid services of 
their Secretary. Even under these adverse conditions considerable progress 
has been made with the work, and upwards of 400 gauges had been visited 
and examined previous to the Livcipool Meeting At that Meeting, how- 
ever, the Association only granted half the sum for which we asked, and we 
have consequently (most reluctantly) been obliged to stop this important 
and useful work 

As an interim measure, and with a view to ascertaining in what districts 
inspection is most requisite, it has been suggested that a schedule of ques- 
tions as to the positions of their rain-gauges should be sent to every observer. 
The Committee unanimously approved of the suggestion, and annex a copy of 
the Circular and Schedule they are about to issue. 

British A'^sociation Rainfall Committee, 

62 Camden Square, London, N W 

Sir, — The above Committee feel that it is most important that precise in- 
formation as to the position of all the rain-gauges in the British Isles should 
be promptly obtained. They are aware that under present circumstances it 
18 impossible that each gauge should be personally inspected, and have there- 
fore instructed me to ask you to fill up the accompanying form, which I 
shall be obliged by jour returning as soon as possible. 

As an indication of the kind of information which the Committee desire 
to collect, I have filled up one form for my own gauge ; but there are of 
course many subj’ects not touched upon in the specimen which will be ac- 
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ceptable m others, such as distance from the sea and from lofty hills, as 
■well as their direction, <fec. 

The Committee will also be glad of any suggestions as to the conduct of 
rainfall work, and of information respecting any stations or old observations 
not included in the list published by them in 1866, and of which I shall be 
happy to send you a copy if you have not already received one. 

Yours very truly, 

G J. Symons, Secretmy. 

[Illustration of mode of filling up retuin ] 

POSITION AND PAETICULAES OF THE llAIN-GAUGE 

At [Camden Square, London,] 

In the County of [Middlesex ] 

Year in which observations were first made [1858.] 

Hour of observation [9 a m.] If entered against the day of observation, or 
the one preceding [Precedmg] 

Position [In garden, 120 ft by 24 ft ] 

Surrounding objects, their distances and heights — 


N, [Wall 

Distance 

. 17 ft. 

Height 

6 ft.] 

N E [ House 

92 ft 

40 ft.] 

E. [Wall 

16 ft. 

6 ft.] 

SE [Wall 

12 ft. 

6 ft.] 

S. [Wall 

16 ft. 

6 ft.] 

S W. [Summer House 

. 24 ft. . 

7ft] 

W. [Raspberry-bushes 

6 ft. 

3 ft.] 

N W [Wall 

12 ft. 

6 ft.] 


Inclination of ground [Quite level, but in N.E. rises 30 ft. in | mile.] 
Height of Ground above sea-level [111] ft. as determined by [Levelling from 
Ordnance Bench-mark]. 

Height of top of gauge above ground [0] ft. [6] in. 

Pattern of gauge (If similar to any on plate, quote the number ; if not, 
give sketch ) [Similar to No. X., but the bent tube is made straight, 
and a jar inserted for the purpose of ensurmg more accurate mea- 
surement.] 

Have the same gauge and measuring-glass been used throughout [No.] 
Has the gauge always been in the same position ? [No ] 

[ the previous position [300 yards further west.] 

If not, state biiefly < the reason for the alteration [Growth of trees.] 

[ the supposed effect [None perceptible ] 

Remarks. 

[Measuring- glass broken in 1861, and a new tested one obtained, the 
rainfall of each day until its arrival being bottled separately, and mea- 
sured by the new glass.] Signed, [G. J. SYMONS.] 

Another branch of investigation 'which has been arrested by the same 
cause is the relative amount of ram falling in different months, or, as we have 
usually teimed it, the “ monthly percentage of mean annual rainfall.” Several 
articles upon the subject have appeared m our previous Reports ; and last 
year we pointed out that the observations for the decade 1860-69 offend 
data of completeness unparalleled, either in this or any other country, the 
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result of which we had hoped to have submitted to the present Meeting. 
Excepting in our own Ileports, we are not aware that the seasonal distribu- 
tion of rain in this country has leceivcd any attention, while on the Con- 
tinent it has at all times been looked upon as almost equally important with 
the gross amount. 

Although several short and interrupted sets of observations have been 
made in Northern Derbyshire, the rainfall of that hilly distiict has not 
hitherto been examined with the thoroughness which its impoitance deserves. 
We have in previous Iteports uiged the desirability of seveial additional 
stations being established , and as no one else undertook the work our Secre- 
tary did so, and by the assistance of the observer at Buxton, and Mr. 
Ilazlcwood, of Castloton, w’as enabled to commence several sets of rain- 
gauge observations in the district. Some others are still required, which, if 
our funds permit, we intend to add 

Pit-(jauges . — In our last Report we drew attention to the fact that a gauge 
of which the orifice was horizontal, level with the ground, but in a small pit 
or excavation, had at Caine collected about 5 per cent more than one of which 
the receiving siiiface ivas one foot above the ground , whence it followed 
that as a great many r.iin-gauges (the majoiity in fact) are placed with their 
apertures a foot above the suiface, the records of all these gauges weie 
below what they would have been if placed in pits as just described. We 
gave some reasons which appeared to us to prevent the general use of pit- 
gauges, and added the following concluding remark on pnge 176 — 

“This result fippears so startling that further expeiiments will be con- 
ducted on the subject.’’ 

The funds at our disposal have not allowed us to do so , but foitunately the 
Rev. E. W. Stow, M A , has tiied one pan of gauges mounted in this manner 
at Hawsker, on the Yoikshire coast, a few miles south of Whitby. The 
following are the lesults during 1870 — 


Table I. — Experiments with Pit-gauges. 



Ilawsker, 

1870 


Brit Assoc Report, 1869-70 

Months 

5-in gauge 
at 1 loot 

5- in gauge 
in pit 

1 

Ratio 

Caine, 1866-7, 
mean ratio 

Difference. 

January 

1 610 

1 770 

110 

1 13 

- 3 

February 

1 or»r> 

2 300 

115 

109 

+ 6 

March 

1 0.32 

1 293 

123 

107 

+ 16 

April 

May 

0 870 

0 390 

105 

105 

0 

Juno 

2 6.30 

- 2 705 

102 

102 

0 

July 

0 920 

0-977 

106 

103 

+ ^ 

August 

1 887 

1908 

101 

103 

- 2 

September 

0 84.5 

0 934 

110 

103 

+ 7 

October 

5 000 

5 0.33 

101 

102 

- 1 

November 

3 043 

3 234 

106 

106 

0 

December 

5 230 

6 420 

123 

108 

4-15 

Totals 

24-002 

26 984 

• • 

• • * • 

• • * 

Means . . 


• 

109 3 

105 5 

+ 3-8 
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Of course it was not to bo expected that the results of a single year should 
agree exactly with the mean of two other years, still less when the size of 
gauge used was different, and the locality so opposite as the inland district 
of Caine and the rock-bound Yorkshire coast We therefore look upon it as 
satisfactory that in only four months out of eleven do the ratios at Caine and 
Hawsker differ more than 3 per cent. In Apiil, June, and November they 
are identical. The Caine results are thus strongly confiimed, and it may be 
considered as certain that pit-gauges always exceed those at one foot, 
although the precise amount of excess remains to be determined 

In our last Report wo expressed the hope that wo should this year be able 
to state the result of the discussion of all the rainfall registers which were 
absolutely continuous from January 1, I860, to December 31, 1800. Wo 
have the pleasure of doing so m two respects, viz. (1) with lefercnce to their 
bearing on the question of the existence or otherwise of secular variation of 
lamfall in the British Isles, and (2) as data indicative of the distribution of 
rain over the country. 

The secular vanation of rainfall, or the relative dryness and wetness of 
different years and groups of years, is one of the most important and difficult 
branches of rainfall work. It has been treated in oiir Reports for 18(55, and 
very fully in that tor 1 806 In the latter we gave the calculations in detail, 
from which the values shown on the accompanying diagram were obtained. 
Referiing to that Report for full explanation, wo haio only now to mention 
that the subsequent years 1866 to I860 have been computed in the same 
manner and added to the diagram (fig. 1 ) We may also icmaik that various 
observations collected since its publication have confirmed the general accuracy 
of the curve quite as much as could have been anticipated. On the present 
occasion wo do not intend to discuss the i dative rainfall of different years, but 
the relation of the fall during the ten years 1860-69 to previous decades. 
For this purpose we have grouped the yeaily values in decennial periods, 
similar to those adopted in our 1867 Report, whence we obtain the following 
result — 

TiBLE II. — Ratio of Rainfall in each ten years since 1730 to the Mean of 

sixty Years, 1810-69. 


Period 

Ratio 

Pei lod 

Ratio 

1730-39 

89 9 

1800-09 

88 2 

] 740-49 

70 6 

1810-19 

98 6 

1750-59 

85*5 

1820-29 

103 2 

1760-69 

91 1 

1830 -39 

101 4 

1770-79 

103 5 

1 840-49 

102 6 

1780-89 

93*5 

1850-59 

95 2 

1790-99 

96 5 

1860-69 

101-5 


Having previously pointed out the peculiarities of the earlier portion of 
the curve, it is only necessary on the piescnt occasion to call attention to the 
last forty years, whence it will be seen that, according to this mode of inves- 
tigation (which IS principally based on English returns), three out of the four 
decades had a rainfall nearly identical, and the other (1850-59) considerably 
below them, the deficiency being nearly 7 per cent. 

This result is based on a combination of records, as fully explained in our 
1866 Report. We proceed to examine how far it is corroborated by individual 
stations, but are at once confronted by the paucity of stations of which per- 
fectly continuous records for even half a century exist. We therefore con- 
fine ourselves to the forty years, from 1830 to 1869, for which period we 
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have twelve perfect records at widely separated stations. The mean fall in 
each decade and in the whole period, and the ratio of each decade to the 
whole period at each station, is given in Table III, 


From carelul examination of Table III., it appears that the amount of 
rain which fell in the ten years 1830-39 was very similar to that which 
fell in the ten following years, the difference being a decrease, but scarcely 
one per cent. The investigation in our 1866 Report shows an increase of 
I 2 per cent. ; and examination of returns ceasing in 1850, and therefore not 
quoted in either Report, show several cases of absolute identity. 

With one investigation leading to a decrease of 1 per cent , another to an 
increase of the same amount, and a third to identity, we are led to the con- 
clusion that the two decades may be considered to show similar results. 
This 13 a much more important fact than it at first appears ; and for this 


Table III — Comparison of the Rainfall in each Decade since 1829 with 
the Mean Rainfall of foity years, ending with 1869. 


Station 

Mean Rainfall in each 10 years. 

Mean 

Rainfall, 

1830-69 

1830-39 

1840-49. 

1850-59 

1860-69 


in 


in 


111. 

in 

in 

Epping . 

25 

84 

26 

99 

23 18 

24 13 

25-04 

Exeter Institution 

28 

92 

29 

35 

26*91 

31*76 

29 24 

Tavistock 

52 

81 

54 

•27 

49 18 

53*17 

52-36 

Halifax 

34 

51 

31 

•88 

30-71 

33 31 

32-60 

Kendal 

56 

22 

51 

18 

44 91 

53 32 

51 41 

Point of Ayre . 

28 

26 

28- 

20 

29-01 

30 61 

29 02 

Rhinns of Islay 

34 

07 

33 

79 

30*58 

33*43 

32 97 

Isle of May 

21 

96 

20 

94 

15 21 

20 48 

19 65 

Buchanness 

26 

40 

26 

84 

23 40 

25 59 

25 56 

Kinnoirdhead 

19 

66 

22 

01 

22 05 

24 17 

21 97 

Island Glass 

33 

23 

34 

98 

31 92 

31 13 

32 81 

Start Point . . 

27 

39 

25 

05 

1 

23*77 

31*37 

26-89 

Means 

32 44 

32 12 

29 24 

32-71 

I 

31-63 

Ratio of Moans 

102 6 

101 6 

92 5 

103 4 



Fig. 2. 

• • • • • • 
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T^ble III. Uontiniied). 


St.ilion 


Epping 

Exeter Inbtitulioii 
Tavistock 
Halifax 
Kendal 

Point of Ayre 
ilhinns of Islay 
Isle of iVIay 
Buclianness 
Kinnairdhead 
Island Glass 
Start Point 


Mean Ratios 


R.itio ofEainfall in 
yo ir'^’ 


1830-30 

1840-49 

103 

lOS 

1)1) 

100 

101 

104 

lot; 

1)8 

1 01) 

100 

97 

97 

103 

102 

112 

107 

103 

105 

90 

100 

101 

107 

102 

93 

102 2 

101*8 


each 10 ycarV to 40 
"Mein 

1850-50 

1860-60 I 

93 

1)0 

92 

101) 

94 

101 

94 

102 

87 

104 

100 

100 

93 

102 

78 

103 

92 

100 

100 

110 

97 

95 

88 

117 

92 3 

103 7 


reason while there arc only about a dozen registers complete for the four 
decades, there are thirty-eight which are complete for the last three decades 
Now that we have found the relation between the first two decades, the re- 
turns for the thirty years are rendered almost as instructive as those for 
forty years. 

Fig 3 


186') Report 


1840-0 1050-0 1800-0 


1871 Reiiort 
England 


1810-0 1850-0 1860-0 1 


1871 Report 
All stations 


10-0 18 * 0-9 1860-9 



We have lliercforc compiled Table IV., which differs from Table III only 
in its being for thirty years instead of forty, and in giving observalions from 
thirty-eight stations instead of twelve 
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T\ble IV — Comparison of the Rainfall in each Decade since 1839 with the mean 

Rainfall of thirty years ending 1869. 


Division 

County 

Station 

Mean Rainfall 
ID years 

m each 

Mean 

Rain- 

fall 

Ratio of Rainfall in 
each decade to 60 
years Mean. 




18 t 0-10 

1850-.59 

18 b 0-69 

1810-09 

1840-49 

1850-69 

1860-69 


Sussex .. 

Cbidiester Tnfirinary 

m 

29 10 

in 

26 67 

in 

29 03 

in 

28 27 

103 

94 

103 

1 

1 51 

5 » « • 

„ (Chilgrove) 

3341 

32 23 

3322 

3295 

lol 

98 

lOI 

in 

Kerts 

Heniel Hempst^^ad . 

25 86 

26 43 

26 39 

26 23 

99 

Id 

100 

IV 

Essex 

Epping 

26 QO 

23 18 

24 13 

2477 

109 

94 

97 

51 

JV or folk 

Diss (Dickleburgh) 

2505 

22 31 

22 22 

23 19 

108 

96 

96 

V 

Wilts 

Salisbury (B ivcrstock) 

31 09 

28 69 

3025 

3001 

104 

96 

100 

55 

Devon 

Tavistock (West St ) 

54 

49 18 

53 »7 

52*21 

I 04 

94 

102 

55 

55 

Exotor Institution 

29 35 

26 91 

31 76 

29 34 

100 

92 

108 

55 

55 

1 1 oniton( Broadhem bury) 

35 14 

3275 

34 56 

34 15 

103 

96 

lOI 

VI 

Worcestei 

Tenbury (Orleton) . . 

28 41 

28 82 

30 90 

29-38 

97 

98 

105 

YII 

Nottingham 

Welbeck 

25 44 

2329 

24 64 

24 4^ 

104 

95 

lOI 

VI ri 

Lancashire 

Bo'lon ^Tlie Folds) 

46 46 

4401 

48 9^ 

46 48 

100 

95 

105 

IX 

VTorkshire 

Redmires 

4075 

37 86 

39 68 

3943 

103 

96 

lOI 

1 

1 

55 

Halifax (Well Head) ... 

31 88 

3071 

33 31 

31 97 

ICO 

96 

104 

55 

55 

Settle ... 

4341 

35 5 > 

41 35 

40 09 

108 

89 

103 


55 

York 

2542 

22 02 

2448 

23’97 

106 

92 

102 

X 

Durham 

Bishopwearmouth 

1994 

16 91 

20 25 

1903 

105 

89 

106 

55 

Westmorelind 

Kend.il .. .. 

51 18 

4491 

53 32 

49 80 

103 

90 

107 

XI 

Isle of Man 

Point of Ay re 

28 20 

2901 

30 61 

29 27 

96 

99 

105 

XII 

Wigtoyvri 

Mull of Galloyyay, L H 

20 67 

22 52 

27 66 

23 62 

88 

95 

117 

XTII 

Haddington 

Haddington 

23 77 

2435 

25 63 

2458 

97 

99 

104 

55 

Edinburgh 

Inverosk 

25 81 

2472 

29 02 

26 52 

97 

93 

I 10 

XV 

Bute 

Pladda L H .. 

40 02 

3523 

40 14 

3846 

104 

92 

104 

55 

Argyll 

Mull of Cantire, L H 

45 76 

41 19 

44 17 

43 7 > 

105 

94 

loi 

55 

55 

Khinns of Tday, L 11 

33 79 

3058 

33 43 

32 60 

104 

94 

102 

XVI 

Fife 

Isle of May, L H 

20 94 

1521 

20 48 

1888 

III 

81 

108 

55 

Pertli 

Doanston 

35 74 

3921 

43 99 

3965 

90 

99 

III 

XVII 

Kincardine 

Gir, lioness L If 

23 14 

1971 

22 72 

21 86 

106 

90 

104 

„ 

Aberdeen 

Buchniness, L 11 

26 84 

2340 

25 59 

25 28 

106 

93 

lOl 

1 55 

55 

Kinnairdheid, L H 

22 01 

22 05 

24 17 

22 74 

97 

97 

106 

1 Win 

Ross . 

Island Gl.iss, L H 

34'98 

31-92 

3 * U 

32 68 

107 

98 

95 

1 

' 55 

55 

1 Barrahead, L H 

31 60 

32 67 

31 73 

32 00 

99 

102 

99 

XTX 

Sutherland 

Capo Wrath, L H 

3886 

3694 

39 37 

38 39 

lOI 

96 

103 

1 

Caithness . 

i Duiinelhead, L II 

27 39 

22 09 

2540 

24-96 

‘ no 

1 

88 

102 

1 

1 

Orkney 

j Start Point, L H 

2505 

23 77 

3 * 37 

26 73 

94 

89 

117 

51 

Shetland 

' Siimburghhead, L H 

2543 

25 22 

2645 

25 70 

99 

98 

103 

\XT 

Dublin . 

! Black Rock 

23 20 

21 78 

27 10 

2403 

96 

91 

113 

XXIII 

Ant rim 

‘ Belfast Linen Hall 

2944 

3001 

3677 

3207 

92 

94 

114 



Abstract of Table IV. 






1 

England and Wales, 19 stations 

3323 

30 60 

33-28 

32 37 

102 8 

94 7 

102 5 

Scotland, 17 stations 

f 

2952 

27 69 

3073 

29 3^ 

100 9 

940 

105 I 

Ireland, 

2 stations 

.. 

26 32 

25-90 

31 93 

28 05 

940 

925 

113s 

Mean of tho above 


29 69 

28-06 

31 98 

2991 

992 

93 7 

107 0 

Mean of 3 ft stations . 

• 

31 21 

2905 

32 07 

3078 

loi 5 

94 3 

104 2 


From the ahovc Table the remarkable similarity of the results obtained 
by the two dissimilar modes of investigation is rendered so obvious that it 
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is unnecessary to dwell further upon it. We now proceed to the second 
part of our investigation, namely, to consider the distribution of the rain- 
fall of the last decade, during which we have nearly four hundred perfect 
sets of observations. As each set of observations comprises more than a 
thousand entries, and the following Table contains the result of nearly half a 
miUion observations, it is probable that it contains some slight percentage of 
error, but we have no suspicion of the existence of any which appreciably 
affect the results. 

The head-lines of the following Table sufficiently explain its contents. 


Table V. — Mean Rainfall at 325 Stations during the ten years 1800-69. 




Height of Ham-gauge 

Mean 

Annual 

Eainfall, 

1860-69 

County 

Station. 

Above 

ground 

Above sea 



ft 

in 

feet 

indies 

Division I 






Middlesex 

Camden Town 

0 

6 

100 

25 081 

1 

Dimsion II. 






Surrey 

Weybridge Heath 

0 

t) 

150 

25 051 


Croydon (Tan field Lodge) 

0 

8 

155 

20 333 


„ (Waldionhurst) 

35 

0 

237 

24 388 

99 

Wimbledon 

3 

0 

1(50 

23-476 

99 

Kew Observatory 

1 

3 

19 

23 282 

Kent 

Hjthe (Horton Park) 
Tunbridge 

I 

4 

350 

32-677 

99 * * 

1 

0 

71 

28 258 

99 

Maidstone (Linton Park) 

0 

6 

296 

27 559 

99 • • 

,, (Hiinton Court) 

West Thorriey [ Krasworth] 

0 

6 

80 

25 998 

Sussex 

0 

8 

10‘^ 

26 875 

1 99 

Chichester Museum 

0 

6 

50 

29 026 

1 

99 

„ (Shopwyke) 

1 

2 

OJ 

29 194 

99 

„ (West Dean) 

1 

6 

250 

37 082 

1 

99 

„ (Chilgrove) 

0 

6 

284 

33 224 ' 

9 

Arundel (^Dale Park) 

3 

5 

316 

33 732 ' 

99 

Hastings (High Wickham) 

2 

0 

212 

26 373 ; 

99 

Maresfield Kectory 

1 

3 

250 

32 199 j 

\ 

1 99 

,, (Forest Lodge) 

1 

2 

259 

31-479 : 

1 Hampshire 

Isle of Wight (Osborne) 

0 

8 

172 

30 725 I 

99 • • * 

Fareham (North Brook) . 

0 

2 

26? 

33 906 ; 

1 

Petersfield (Liss) 

0 

7 


38 033 

1 

Selbome (The Wakes) 

4 

0 

400 

34 427 

1 99 

Aldershot 

3 

0 

325 

27-036 

j Berkshire . 

Heading (Englefield) . . 

1 

0 

190 

25-726 ' 

1 

Long Witte nham 

1 

0 

170 

27 379 

\ 

Division HI. 






j Herts 

Bayfordbury . . ... 

0 

4 

250 

25 011 

I » 

St. Albans (Oorhambury) 

2 

9 

• • 

27-849 
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Table V. (continued). 


County 1 

Station 

Height of Rain-gauge 

Mean 

Annual 

Rainfall, 

1860-69 

Above 
gi oiind 

Above sea 

1 

! 


ft in 

feet 

inches 

Division IIL 





((O)itiniied). 1 





Herts 

HemelHcmp8tead( N ashMills) 

3 0 

250 

26'388 


Tring (Cowroast) 

4 2 

395 

27 594 


Hitchm 

1 4 

238 

23 922 

n 

Iloyston 

0 0 

266 

23 569 

Bucks 

High Wycomb 

0 9 

225 

25 705 

Oxford 

Radcliffe Observatory 

0 8 

207 

26-129 


Banbuiy (High Street) 

7 0 

350 

26 222 

Noithamptoii 

Althoip House 

3 4 

310 

23 349 


Wellingborough 

0 3 


24 092 

Hunts . 

Kimbolton (Humertori) 

5 4 

170 

23132 

Bedford 

Cardiugtoii 

0 0 

106 

22 487 


yy * 

3 6 

109 

21 760 

,, 

yy ' 

36 0 

142 

18170 

Cdinbiidge 

Ely (Strefchara) 

4 9 


20 609 

yy 

Wisbeach (Haretroft House) 

0 8 

11 

24 037 

Division IV. 





Essex 

Epping 

6 0 

360 

24132 

i „ 

j Witham (Dorward Hall) 

I 6 

20*^ 

20-466 


j D unmow 

0 0 

234 

22 750 

1 yj 

; Braintree (Bocking) 

3 6 

200 

23 984 

1 

Saffion Walden (Ashdon) 

1 0 

300 

23-056 

j Sulfolk 

Hadleigh (Aldham) 

2 6 


25 469 

' yy 

1 Buiy St. Ed (Abbe} gate) 

35 0 

240 

23 962 

\ 

1 yy 

„ (Westley) 

1 0 

216 

23 522 

1 

1 yy 

„ (Barton Hal)) 

1 0 

145*^ 

23 680 

1 

1 yy 

„ (Culford) 

1 2 

84“? 

24 835 

I Xoifolk 

Dibs (Dickleburgh) 

3 6 

120 

22 223 

1 y^ 

Downham Market (Outwell) 

4 0 

16 

22 637 

1 

„ ,, (Eincham) . 

4 0 

100 

23-139 

1 

jy 

Norwich Institution 

30 0 

53 

22 169 

1 yy 

„ (Cossey) 

1 0 


24 035 

1 

,, (Iloningham HaU) 

0 6 

88 

23 975 

1 

Fakenham (Egniere) 

4 8 

150 

25 097 i 

' yy 

Holkham 

0 0 

39 

23 875 

1 

yy 

yy 

4 0 

43 

23-232 ! 

1 

, yy 

1 

Hunstanton 

3 8 

60 

! 19 559 ' 

i 

1 

Division V 




1 

W iltshiro 

Bavcrstock .... 

3 0 

300 

30-247 i 

1 >> 

Salisbury Plain ( Chiltern Ho.) 

4 0 

380 9 

29 279 1 

1 

1 yy 

Swindon (Penhill) 

0 10 

. . 

28 592 
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Table V. {continued). 




Heig 

ht of Rain-gaugo 

Mean 

Annual 

Rainfall, 

1800-09 

County 

Station 

Above 

ground 

Above sea 

1 

Division Y 


ft 

in 

feet 

inches 

(continued) 



8 



Dorset 

Bndport 

0 

00 

32 248 

Devon 

Plymouth (Saltram) 

0 

3 

90 

44 813 

1 

„ (Ham) 

3 

0 

94 

42 888 

1 

Plympton StMary( Ridgeway) 

0 

0 

no 

48-040 

' 

Tavistock (Library) 

20 

0 

283 

43 350 

1 

„ (West Street) 

4 

0 

280 

53 170 

1 ’’ 

Bovey Tracey . . 

0 

0 

92 

4.3-120 

1 5? 

Corjton Lew Down 

C) 

0 

445 

45 941 

1 

Exeter Institution . 

13 

i 

155 

31 757 

1 

CuUompton (Clyst Hydon) 

1 

0 

200 

32-094 

1 

1 9? 

,, (Bradninch) 

1 

0 

234 

38 000 

1 

1 ” 

Honiton (Broadhembury) 

1 

0 

400 

.34.502 1 

M • * 

Soutli Mol ton (Castle Hill) 

3 

5 

200 

47 118 


B.irastaple 

0 

0 

43 

.39 905 

Cornwall 

H els tone . 

5 

0 

110 

37 872 


Pen/ance 

3 

0 

94 

41-507 

51 

Redruth (Tehidy Park) 

0 

0 

100 

41 229 

55 

Truro (Royal Institution) 

40 

0 

50 

42 877 

55 

„ (Penarth) 

I 

0 

190 

42-550 

55 

Bodmin (Castle Street) 

2 

0 

33S 

47 708 

55 

„ (Waileggan) 

2 

0 

5.50 

54 557 

55 

Y"adebridge(Treharrock Ho ) 

2 

9 

.303 

39 301 

Somerset ... 

Langpoit (Long Sutton) 

0 

10 

50 

28 574 

1 

55 

E. Harptrec (Sherborne Res ) 

1 

0 

.338 

42 097 

Division YI. 






Gloucester 

Bristol (Small Street) 

23 

0 

40 

30 549 

55 

„ (Phil Inst ) 

50 

0 


32 9.55 

55 

Clifton (South Parade) 

0 

0 

192 

.34 085 

55 

Gloucester (Quedgeley) 

0 

10 

50 

27-421 

55 

Cirencester (Further Barton) 

1 

2 

420 

.32 012 

Hereford 

Ross (Archcntield) 

1 

0 

250*? 

28 211 

55 

,, (Rowlands) 

1 

10 

150 

33-591 

55 ^ 

Leominster (West Loflge) 

1 

0 

250 

27 105 

Shropshire 

Burford [Tcnbury] 

0 

11 

lOO*' 

26 744 

55 

Ludlow (Knowbury) 

0 

4 

1000^ 

28 530 

55 

Shiffnal (Haughton Hall) 

3 

5 

355 

24 870 

55 • • 

Shrewsbury 

4 

4 

192 

19 499 

55 ... 

Oswestry (HengodQ) 

0 

0 

470 

35 647 

Y^’orcester 

North wick Park 

1 

G 


28 017 

55 

Worcester (Lark Hill) 

I 

0 

137 

28 039 

55 

Tenbiiry (Orleton) . . . 

0 

9 

200^ 

30 900 

Warwick 

Birmingham (Edgbaston) 

1 

3 

510 

30 562 
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Table V. { continued ). 


County 

Station. 

Height of Eain-gauge. 

Mean 

Annual 

Rainfall, 

1660-69. 

Above 

ground 

Above sea 



ft. 

111 

feet 

inches. 

Division YII. 






Leicestershire 

Wigston 

0 

6 

220 

25-165 


Thornton Ileservoir 

2 

8 

420 

25-611 

>5 

Waltham Itectory 

I 

0 

560 

24-319 


Belvoir Castle 

1 

0 

237 

24 476 

Lincoln . 

Gi antham 

0 

6 

179 

22 407 

M ... 

Lincoln 

3 

6 

26 

20-870 

• • 

Market Ilasen 

3 

6 

100 

23 429 

yy • * 

Gainsborough 

3 

6 

7G 

21-659 


Stockwith 

3 

6 

21 

21-347 

yy 

Biigg 

3 

6 

16 

24-118 

yy • • 

Grimsby 

15 

0 

42 

21 391 

yy 

Barnetby. . .... 

3 

0 

51 

22-163 

yy 

Brigg (Appleby Yic.) . 

0 

9 

GO 

24 097 

yy 

New Ilollaiid . 

3 

G 

18 

22-665 

Nottingham 

Southwell 

1 

0 

200? 

20-844 

yy 

Welbeck Abbey . 

4 

0 

80 

24 636 

55 

Woikbop 

3 

G 

127 

22 469 

yy 

Retford ... 

3 

G 

52 

22 743 

Derl)y 

Derby 


0 

180 

26 807 

55 

Chesterfield 

3 

G 

248 

26 930 

55 

Kilnarsh (Norwood) 

3 

6 

238 

24 591 

55 

Combs Moss 

3 

G 

1669 

49 620 

55 • 

,, Reservoir 

3 

G 

710 

50 008 

55 • • 

Chapel-en-lc-Frith 

3 

6 

965 

41 947 

yy 

Woodhead 

3 

G 

878 

52-188 

Division VIII. 






Cheshire 

Bosley Minns 

3 

6 

1210 

32 849 

55 

„ Reservoir 

3 

6 

590 

32-043 

yy * 

Macclesfield 

3 

6 

539 

34 536 

55 

„ (Park Green) 

2 

1 

450 

36 746 

55 

Bollington (Spond’s Hill) 

3 

G 

1279 

37-464 

55 • * • 

Whaley 

3 

6 

602 

43 894 

55 

Mdrple Aqueduct 

3 

G 

321 

34 810 

55 

„ Top Lock 

3 

6 

543 

35-254 

55 

Godley Reservoir 



500 

33-979 

55 

Mottrara (Matley’s Field) 

3 

G 

399 

37 732 

55 * • 

Newton 

3 

G 

396 

31-633 

55 • • * 

Arnfield Reservoir i 


« 

575 

37-232 

55 

Rhodes Wood Reservoir 

1 

0 

520 

46-323 

yy 

Woodhead „ 

0 

10 

680 

51-828 

Lancashire 

Denton „ 

• 

• • 

324 

32 974 

)> 

Gorton „ 

• 

• 

263 

33-712 




110 


REPORT — 1871 


Table V. (conhnued). 


\ 

County 



Station 

Height of Rain-gauge 

Mean 

Annual 

Rainfall, 

1860-69 

Above 

ground 

Above sea 



ft 

in 

feet. 

inches. 

Division VIII. 






{continued). 






Lancashire 

Manchester (Old Trafford) 

2 

7 

106 

34-727 

55 • • 

„ (Ardwick) 

3 

0 

154? 

32 597 

55 

„ (Piccadilly) 

40 

0 

194 

36-775 

55 

Fairfield 

6 

0 

312 

40 898 

55 

Oldham (Waterhouses) 

3 

6 

345 

36-133 

55 • • 

„ (Gas-works) 

6 

0 

600 

37-123 

5 > 

,, (Strines Dale) 

6 

0 

800 

36 007 


Bolton (The Folds) 

3 

6 

283 

48 981 

1 

1 

„ (Belmont) 

0 

0 

800 

56 610 

1 55 

„ (Heaton) 

0 

0 

500 

44-210 

1 

55 

Rochdale (Nagden Dane) 

1 

6 

900 

44132 

1 

” 

Ormskirk (Rufibrd) 

0 

8 

38 

34 999 


Preston (Ho wick) 

0 

6 

73 

38 303 

55 

Blackpool (South shore) 

1 

8 

29 

32 994 

55 

Stonyhurst . 

0 

8 

376 

48 560 

55 

Clitheroe (Downham Hall) 

1 

6 

464 

44 786 

55 

Lancaster (Caton) 

1 

6 

120 

43 944 

1 » 

1 

Cartmel (Holker) 

4 

8 

155 

45 625 

1 

Division IX. 




1 

1 

} 

Yorkshire, W. Jl 

Sheffield (Broorahall Park) 

2 

0 

340 

31-276 

55 

Redmires 

4 

0 

1100 

39 684 

55 

Sheffield Station 

3 

6 

188 

28159 

1 

55 i 

Tickhill 

2 

0 

61 

23-990 

1 

55 

Dunford Bridge 

3 

6 

954 

56-177 

55 

Saddleworth Station 

5 

0 

640 

41-968 

55 

Standedgo 

2 

0 

1150 

53-700 

55 

Huddersfield (Longwood) 

4 

6 

650 

34 008 

55 

„ (Rastrick) 

1 

3 

410 

32-121 

55 

Halifax (Warley Moor) . 



1425 

46 330 

55 

„ -(Well Head) 

0 

11 

487 

33 313 

55 

„ (Midgeley Moor) 



1350 

50-000 

55 

,, (Ovenden Moor) 



1375 

46-090 

55 

Leeds (Leventhorpe Hall) 

2 

0 

90 

23 261 

55 

„ (Holbeck) . 

32 

0 

127 

22 853 


York (Bootham) 

0 

6 

50 

24-479 

1 

1 

1 

Settle 

40 

0 

498 

41-349 

55 

Arncliffe . .... 

2 

9 

750 

. 60-075 

„ E. R. 

Hull (Beverley Road) 

3 

10 

11 

25-024 

„ N. R. 

Malton 

1 

0 

75 

27-455 

55 

Richmond (Aske) 

2 

8 

550 

31-105 
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Table V. (continued). 


County 

Station 

Height of Rain-gauge 

Mean 

Annual 

Rainfall, 

1860-69 

AboTe 

ground 

Above sea 

DiTlSlON X. 


ft in 

feet 

inches 

Durham 

Bishopwearmouth 



20-247 

Northumberland 

Allenheads 

0 9 

1369 

51-160 

yy 

Shotley Hall 

0 3 

312 

28-494 


Bywell 

0 6 

87 

28 874 

’5 1 

Wylam Hall 

0 4 

96 

26-900 

1 

North Shields (Wallsend) 

0 6 

100 

26 640 


,, (Rosella Place) 

1 0 

124 

26 065 


Stamfordhara 

1 0 

400 

27-637 


Hexham (Parkend) 

0 4 

276 

33-550 


Lilburn Tower 

6 0 

300 

28 657 

Cumberland 

Scathwaite 

1 0 

422 

154 046 


Ulls water (WatermiUock) 

3 6 

720 

59 910 


Bassenthwaite (Mirehouse) 

0 7 

310 

53-756 


Cockermouth (Whinfell Hall) 

2 0 

265 

57-366 

i 

Carlisle (Bunker’s Hill) 

6 0 

184 

27-616 

Westmoreland 

Kendal (Kent Terrace) . 

4 6 

146 

53 322 


Windermere (The Howe) 

1 2 

470 

87 923 


Appleby 

1 0 

442 

35-994 

Division XI 

WALES AND THE ISLANDS. 



Glamorgan 

Cardiff (Ely) 

3 0 

45 

42-016 

Cardigan 

Lampeter 

4 6 

420 

45 183 

Brecknock 

Hay (Pen-y-maes) 

1 0 

317 

31-680 

Kadnor 

Rhayader (Cefnfaes) 

2 0 

880 

44 980 

Flint 

Hawardcn [Chester] 

0 7 

270 

26 443 


Holywell (Maes-y-dre) 

5 0 

400 

24-430 

Denbigh 

Llandudno (Warwick House) 

0 6 

99 

31-004 

Isle of Man 

Point of Ayre 

3 4 

27*? 

30-609 

Guernsey 

• 

12 0 

204 

37177 

Alderney 

Harbour Works 

10 0 

48 

28-624 

Division XII. 

SCOTLAND. 




Wigton 

Mull of Galloway 

» • • V 

• • « 

27-656 

>> 

Stranraer (South Cairn) . . 

1 4 

209 

49-603 

>> 

Corsewall . 

, 

• t 

37 027 

Kirkcudbright . 

Little Ross . . . 

3 3 

130? 

26-981 


Cargen [Dumfries] . . 

0 4 

80 

44-372 

Dumfries, . . 

Dumfnes (March Hill Cott.) 

0 5 

70 

37-045 


Westerkirk (CarlesgiU) . . . 

• • « • 

« • 

60-092 


Wanlockhead . . 

0 4 

1330 

66-628 

Roxburgh 

Kelso (Springwood Park) . 

1 0 

130 

24-663 
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Table V. {continued). 




Height of Kam-gauge 

Mean 

Annual 

Rainfall, 

1860-69 

County 

Station 

Above 

ground 

Above sea 



It. 

in 

feet. 

inches 

Division XIII. 






Selkirk 

Bow hill 

11 

0 

537 

33-033 

Peebles 

Pemcuick (N. Esk Reservoir) 

0 

6 

1150 

38 014 

Berwick 

Lauder (Thirlestane Castle) . 
Dunsc (Mungo’s Walls) 

0 

3 

558 

29-977 


0 

6 

267 

28 494 

Haddington 

Prcstonkirk (Smeaton) 

13 

0 

100 

23 263 

9 } 

Haddington (Millfield) 

4 

0 

140 

25 630 

99 

East Linton 

0 

3 

90 

23-767 

Edinburgh 

Cobbmshaw Reservoir 

0 

7 

863 

37 450 

99 

Invercsk . . . 

2 

0 

90 

29 016 

Division XIV. 






Lanai k 

Hamilton (Auehinraith) 

4 

9 

150 

3] 951 

99 

,, (Both well Castle). 

IcS 

0 

146 

28 885 

99 

Glasgow (Cessnock Park) 

4 

4 

29 

37-958 

99 

„ (Observatory) 

0 

1 

180 

44 411 

99 * 

Bailheston 

0 

3 

230 

46-471 

99 

Shotts (Hillend House) 

7 

0 

620 

33-445 

Ayr 

Ayr (Auchendrane House) 

2 

3 

96 

44 825 

99 

Largs (Mansfield) 

0 

6 

30 

48 920 

Eenfrew 

Goibals, W. W. (Ryat Lynn) 

0 

5 

310 

47 801 

99 • * 

,, (WaiilkGlen) 

0 

5 

280 

49 845 

99 

„ (Middleton) 

0 

5 

550 

56-682 

99 

Mearns (Nether Place) 

0 

0 

360 

50 143 

99 

Greenock (Hamilton Street) 

u 

6 

50 

66-156 

Division XV. 






Dumbarton 

Loch Long ( Arddaroch) 

0 

10 

80 

78-321 

Stirling . 

Falkirk (Kerse) 

1 

0 


32-960 

99 

Stirling (Polmaiso Gardens) 

0 

2 

12 

41 300 

Bute 

Pladda ^ 

3 

3 

55 

40 141 

Argyll 

Castle Toward 

4 

0 

65 

54 554 

99 • * 

Lochgilphead (Callton Mor). 

4 

6 

65 

54 253 

99 

Inver ary Castle 

0 

1 

30 

67 370 

99 

Appin (Airds) 

0 

3 

15 

63 640 

99 

Ardnamurchan 

3 

6 

82? 

45-594 

99 

1 

99 ' * ’ 

Cantire, Mull of . . 

Campbeltown (Devaar) 

3 

4 

279? 

75“^ 

44-166 
47 312 

99 

Rhinns of Islay 

3 

0 

74?^ 

33-434 

99 * 1 

Lismore (Mousedale) 

3 

4 

37? 

46-215 

99 * • 

Mull, Sound of . 

0 

6 

12? 

72-159 

99 .... 

Tyree (Hynish) 

• 

• • 

* * * 

1 

79-992 
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Table V. { continued ). 


■ 

County. 

Station. 

Height of Rain-gauge 

Mean 

Annual 

Rainfall, 

1860-G9. 

Above 

ground. 

Above sea 

Division XVI. 


ft 

111. 

feet 

inches. 

Kinross 

Lochleveii Sluice 

0 

10 


35-780 

Fife 

Balfour . . 

0 

G 

127 

28 589 

,, . , . . . . • . 

Levcn (Nook ton) 

0 

G 

80 

28 988 



Isle of May . . 

2 

2 

182 

20 482 

Perth 

Aberfo} Ic 

0 

G 

GO 

61-820 

» • • • • 

Dunblane (Kippenross) . . 

0 

4 

100 

36-165 

yy • • * . 

Deanston House 

0 

4 

130 

43 991 

)) 

Lanrick Castle 

0 

0 


48 805 

yy • • • • 

Bridge of Tuik 

0 

6 

270 

Gl-890 

yy . * . . 

Aucliterarder House 

2 

3 

1G2 

34-315 

yy • * • • * * 

,, (Tiinity Gask) 

0 

1 

133 

35-324 

yy 

Locli Eainliead (Stronvar) 


, , 

, 

82-434 

yy 

Perth Academy 

G4 

5 

83 

23-584 

» . . 

Scone Palace 

2 

G 

80 

29-182 

Forfar 

Barry 

0 

3 

3o 

20-729 

yy • • • • 

Craigton 

0 

3 

481 

34 87G 

yy 

KettiiLS 

1 

0 

218 

33 172 

yy * 

Hill Head 

0 

3 

570 

35-187 

yy • • • 

Arbroath . , 

2 

0 

GO 

29-050 

Division XVII. 






Kincardine 

Brechin (The Burn) 

0 

G 

235 

34 910 

yy • * 

(hrdlcness 

4 

7 

8G 

22-718 

Aberdeen 

Bi acniar 

1 

0 

1114 

33-404 

yy 

Abeideen (Rose Street) 

0 

4 

95 

29 433 

yy 

Alford (Castle Newc) 




33 500 

yy 

Jvinnaiid Head 

3 

4 

G4 

24-1G8 

yy 

Buchanness 




25-588 

Banff 

Goidoii Castle 

1 

6 

GO 

29-192 

Division XVIII 






Ross & Cromai ty 

Isle of Lewis (Stornoway) 


4 

319 

31-792 

yy yy 

„ (Berncra) 

0 

(> 

1 5 

68-027 

yy yy 

Ciomaity 

i ^ 

4 

28 

25 941 

Inverness . . 

Isle of Skye (Oionsay) 

i 0 

G 

15? 

72 359 

yy • * • 

„ (K\leakin) 

0 

2 

3 9 

82 0G7 

yy • • 

„ (llaasay) 

1 

4 

80 

77-120 

yy • • 

„ (Portiec) 

1 

8 

80 

104 261 

yy * 

Barrahead 

3 

0 

G40? 

31-72G 

yy * . * . 

S. Uist (Ushcnisli) 

0 

4 

157 9 

43 905 

yy • • * 

Harris (Island Glass) . 

3 

4 

50? 

31-129 

yy • ♦ • . 

Rona . . . .... 

0 

G 

20 

39-470 

yy • • # • 

Culloden House 

3 

0 

104 

27-084 


1871. 


X 
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Table Y. (continued). 




Height of Eain-gauge 

Mean 

Annual 

Kamfall, 

1860-69. 

County. 

Station, 

Above 

ground 

Above sea 

Division XIX. 


ft 

in. 

feet. 

inches. 


Sutherland .... 

Golspie (Dunrobin Castle) . 

0 

3 

6 

27-G92 

}} ... 

Cape Wrath 

3 

G 

355? 

39 371 

Caithness 

Wick (Nosshead) . . . 

3 

4 

127? 

24 699 

5, .... 

Dunnethead 

3 

6 

300? 

25-401 

>> . . 

Pentland Skerries 

3 

3 

72? 

28-763 

Orkney . . . 

Hoy (Graemsay East) . . . 

3 

4 

27’'’ 

39 007 

,, ... 

„ ( „ West) 



37? 

32 693 

5^ 

Shapinsay (Balfour Castle) 

0 

6 

50 

32-408 

99 .... 

Pomona (Sandwick) 

2 

0 

78 

38 853 

99 

Sanda (Start Point) , . 

0 

0 

29*? 

31-371 

5) * • 

North lionaldshay 

3 

4 

21? 

31 015 

Shetland . . . . 

Sumburghead . 

3 

4 

265? 

26 454 

99 • • * 

Bressay Lighthouse . . 

0 

4 

GO 

36-488 

Division XX. 

Cork 1 

lEELAND. 

Cork (Iloyal Institution) 

50 

0 

70 

34-771 

1 

99 * • • ' 

Eermoy 

« 

. k 

t 

37 207 

Waterford 

AVateribrd (Newtown) 

4 

0 

60 

40 G69 

Clare 

Kdlaloe ... 

5 

0 

123 

47 654 

Division XXT. 

i 





j 

Queen’s County.. 

! 

Portarlington 

1 

2 

210 

3G-857 

King’s County 

Tullamoi 0 

3 

0 

235 

27-938 

Wicklow 1 

Bray (Eassaroc) . . . 

5 

0 

250 

41-822 

Dublm 

Black Bock (BockviUc) . . 

29 

0 

90 

27 096 

Division XXII. 






Eennanagh . . 

Enniskillen (Elorenco Court) 

1 

11 

0 

300 

44-368 

Armagh 

Armagh Observatory . 
Belfast (Queen’s College) 

1 

5 

208 

32-014 

Antrim . . . 

7 

4 

68 

34 225 

» • • 

,, (tinen Hall) . . 

4 

0 

12 

36-767 


Before accepting these decennial arerages (1860-09) as data indicative of 
the distribution of ram over the country, we have to oiFer a few prefatory 
remarks. Th.e difference between the amount collected by any two rain- 
gauges depends on at least four separate and distinct conditions, three of 
which must be ascertained and corrected for before the fourth can bo accu- 
rately determined. 

The conditions are : — (1) length of scries of observations ; (2) correction for 
secular change ; (3) height of gauges above ground. 

(1) Even if there were no other evidence in existence than the accompany- 
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ing diagram (fig. 1) of the fluctuations of rainfall, wo feel that it would sufli- 
ciently prove the impossibility of determining accurately the rainfall at any 
place except by observations continued over a long series of years at that 
place, or by differentiation from some proximate long-continued series. 

(2) It does not follow that simultaneous observations, even for ten years, 
giving for example a mean difference between two stations of five inches, 
prove that the rainfall at the one station is greater than the other by that 
amount, although if they are not very distant the one from the other it 
would probably bo a safe assumption. 

(3) Before mean results can be given with any pretensions to accuracy and 
finality, they must be corrected for the elevation of the rain-gauge above the 
ground. 

The above remarks sufficiently show that the mere a\erage of the fall of 
rain measured during ten or more years does not necessarily give the true 
mean lainfall at that place. 

Let us take as an example the highest amount recoidcd in the Table 
(Seathwaitcj, which had during the ten years (1860-09) an average of 
154 inches , many persons would say at once that that was therefore the 
mean rainfall at that station. It is, however, nothing like it. From 
Table II. and fig. 2 wo see that the rainfall over England, generally, 
during those ten years was 1-5 per cent, above the average, upon which 
evidence we are beund to reduce the observed mean in that proportion, 
and then the average becomes 152 inches instead of 154. Even this, how- 
ever, IS not correct ; for we pointed out in condition (2) that the same 
years, or groups of years, arc not similarly wet in all parts of the country. 
Keferring, therefore, to Table IV. wo find that at the nearest station to 
Seathwaite, Kendal, the decade in question was 7 per cent, above the thirty- 
year mean , hence, on the supposition that the Kendal values are applicable 
to this station, we have to reduce 154 inches by 7 per cent, instead of by 
1 5 per cent., and hence the probable mean comes out 141*8 mches. 

Now most fortunately we can test the accuracy of this calculation in three 
ways. 

(1 ) The mean fall at Seathwaite in the previous decade was 126 98 ; from 
the Kendal observations the fall in that decade was 10 per cent, less than 

we find the probable mean comes 

out 141*1 from this decade, and 141*8 from that of 1860-69. They thus 
agree within less than an inch, or one half per cent. 

(2) The fall at Seathwaite has now been continuously observed for twenty-six 
years, viz. from 1845 to 1870 inclusive ; the mean of the whole twenty-six 
years’ observations is 140 03. 

(3) This value, corrected according to the Table in ourl806Ilcport, becomes 
141*44, agreeing exactly with that indicated by the decades 1850-59 and 
1860-69. 

This example proves three points *—(1) the great degree of accuracy which 
is attainable by proper methods ; (2) the care requisite to secure it ; (3) the 
serious errors inseparable from the use of mere arithmetical averages without 
reference to secular changes. 

These observations, however, must of course be taken as general results, 
and not be construed as having any bearing on the relative rainfall even of 
proximate stations, the rainfall of which will vary considerably according to 
local circumstances. 

Hence it will bo seen that the probable average at Seathwaite is 141 inches 

i2 


the mean ; therefore 


126 98 


0 90 


=141 09 


) 
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instead of 154, or 7 per cent. less. A similar, but generally less correction, 
may be required for other stations. The figures in Table V. must not there- 
fore be considered as showing the mean fall at the several stations, but only 
as approximations generally pretty close. The data in our possession, if cor- 
rected in accordance with the method explained, would afford more accurate 
results, but the investigation is altogether beyond our present resources. 

Large tracts of Ireland, and even of Scotland, are still without observers ; 
much has recently been done to remedy these deficiencies, but there are still 
many localities where observations are very much wanted , we shall gladly 
receive any offers of assistance from those who have residences or property in 
those parts, and our Secretary will readily advise them as to instruments. 


Third Report on the British Fossil Corals, By P. Martin Duncan^ 
F.R.S.f F,G.S., Professor of Geology in King’s College, London. 

Introduction . — There can be no doubt that the palaeontology of the Madre- 
poraria of tho Palaeozoic strata is in a condition of profound confusion. 
When these Peports were commenced, tho very excellent descriptions and 
classification of tho Palaeozoic Corals by MM. Milne-Edwards and Jules Haime, 
strengthened by those of M. do Promcntel, appeared to have satisfied pa- 
laeontologists, and they were received and adopted without much demur. 
But during tho last three or four years a senes of more or less important 
attacks has been made upon the views of those distinguished authors ; 
consequently opinions respecting many important matters in the pakeonlology 
of the Palaeozoic corals are in a very unsatisfactory state. 

L. Agassiz, A. Agassiz, and now Count Pourtalcs would remove the Ta- 
bulata from the list of Madreporana. Mr. Kent and I doubt the piopricty 
of establishing the Tabulata as a group. Count Koyscrling demurred years 
since at receiving tho long septaless Tubulata amongst the Madreporana, 
and, after due examination, I agree with him in lelcgating them to the Al- 
cyonana. 

Working amongst tho Pugosa, I have showm that they do not invaiiably 
characterize Palmozoic strata, for some of tho tjpes have persisted, and no 
reasonable doubt can be entertained concerning tho descent of the Juiassic 
Coral-fauna from the Palaeozoic. 

The genus Falmcyclm has been shown not to belong to tho Fungidm, 
but to the Cyathophyllidm. Genera with tho hcxameral arrangement of 
septa have been found in Carboniferous and Devonian strata. 

Lmdstiom’s interesting researches respecting the operculatcd condition of 
some Palaeozoic corals require most careful study and much following up, 
and the assertion of L. Agassiz respecting the hydroid relationship of those 
Pugosa which have tabulm demands further inquiry *. 

Ludwig, of Darmstadt, has added to tho confusion by not acknowledging 
the received classification in the least ; and in his able enthusiasm (unti- 

* G. Lindstrom, pamphlet translated by M. Lindstrom from the original Swedish, 

‘ Geological Magazine,’ 1866, p. 356 He notices that Guettard first described an oper- 
culi^ m a rugose coral, and that then Steenstrup saw one m a Cyathophyllam 'tnitratum, 
Hindstrom produces evidence respecting the genera Goniovhyllum, Calceola, Zaphrentis, 
Jmllta, and Fawsites (see also p. 406 et seq ), 
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Gallican enough) he alters geneiic and specific names, employ iug sesqui- 
pedalian Greek, and even absorbing the original authors (‘ Palseontogra- 
phica,’ H. von Meyer, 1866). 

Thus ho confuses Stromatopora cmcentrica, Goldfuss, with the Madre- 
poraria, and calls li Lioplacocyathus concentricus. Fortunately Ludwig gives 
a plate of it (tab. Ixxii. fig. 1), and thus proves the total absence of all 
structures which differentiate the Madreporaiia. After thus dignifying a 
rhizopod, we may be piepared for any thing. 

The same author figures a form which is clearly that of Ileliolites porosa, 
and calls it by the extraordinary name of Astroplacocyathiis solidus, Ldwg. 
It appears that this naturalist studied this eminently cellular type from a 
cast, hence the term solidus. Again, in tab. Ixxi. fig. 2, Ludwig delineates a 
good specimen of Cyathophyllmn liexayonum, Goldfuss, 1826, and with sur- 
passing coolness names it AstropJdieothylacns vulycu is, Ldwg. lie then con- 
founds a species of Lithostrotion and Smith la Jlennidt , E. & H., in one genus, 
Astrojjhlceocyclus, Ldwg. 

The student of the Silurian corals will bo surprised perhaps to find that, 
according to Ludwig, Jlalysites catenularia, Ed. & H , the Catenipora escha- 
roides of Lonsdale, is transformed into rtychophlieolopas cafenidana, Ludwig, 
doubtless on the principle that having found such a veiy distinguished generic 
title, the compiler of it has the right to eclipse the discoverers of the form. 
Chertetes, which some of us consider to belong to the Alcyonarian group, as 
it has no septa, liudwig decorates with the title “ Liophloeocyathusl^ 

In his sixty-ninth plate, fig 5, there is a very good reiiresentation of a 
coral ordinarily known as Acervulana Troschch, Ed & H. Tins form was 
inaccurately desciibcd by Goldfuss, who eallcd it Cyathophyllum ananas. Now 
the authorship is settled by this Alexander, who cuts the knot by claiming 
the species as his own, under the title of AstroJiartodiscus ananas, Ludwig ! 

Then Pleurodiciymn prohlematicum, Goldfuss, is altered into TceniochartO’- 
cychis planus, Ldwg. 

To render matteis easier to the student, Ludwig associates Acei vxdaria 
luxunans and C yathophyllum lielianthoides in one genus, Astrohlascodiscus, 
and of course places his name after the species. Then Cyathophyllum ccespi- 
tosum becomes, under the same lexicographic hands, AstrocalanocyatJms 
CAiisjutosus, Ludwig ! In another place Cyathophyllum lielianthoides, Gold- 
fuss, just mentioned under the term Astrohlascodiscus, appears as Astro- 
disius. Lonsdale’s Cystiphyllum cyhndricum is turned mio Liocyathus ca- 
tinifer, Ldwg. 

This author, moreover, appears to hold a brief against the belief in the 
quadrate airangement of the septa in the Rugosa, and, in a manner which is 
excessively arbitrary and artificial, terms such and such septa primaries, so 
as to reduce the cycles to sixes. In spite of the evidence ot great industry 
given by Ludwig, I cannot accept his classification, nor do I find his hypo- 
thetical septal readings consistent with facts. Nevcitheless, Ludwig has 
contnbuted to our knowledge of Permian corals, and has discovered some 
species of geneia hitherto supposed to characterize the Carboniferous forma- 
tion in the Upper Devonian of Germany. 

The nature of this Report must therefore be very different to those already 
presented to the Association. Those reports relating to the Corals of tho 
Mesozoic strata were essentially founded upon observed facts, and upon data 
which had been moie or less before the geological world for years; the 
generalizations embodied in them were established upon very satisfactory 
details. Rut m the present instance there is much uncertainty : there are 



118 


EEPORT 1871. 


vast accumulations of details to be worked out without the existence of a 
satisfactory classification, and, in fact, the whole subject of the Palaeozoic 
Madreporaria is in too transitional a state for an exhaustive report to bo made 
upon them. 

In presenting this Report, therefore, I hope the Association will consider 
that I have not yet completed my task, and that it will allow me to continue 
my work and to present other reports when occasion offers. No further 
grant will bo required, as the future reports will deal more with the results 
of other labourers than with my own. 

The present Report is divided into four parts. 

I. The consideration of the aUiancos of the Neozoic and the Palaeozoic 
Coral-faunas. 

II. The classification of the Perforata. 

III. The classification of the Tabulata. 

IV. The Rugosa. 

In order to avoid useless repetition of well-known facts, I have referred 
to them by giving their bibhography, except when they are contained m 
inaccessible works. 

I. The Palaeozoic corals of Great Britain have been the subject of many 
admirable works , they have been largely treated of in the ‘ Monograph of 
the British Fossil Corals’ (Palaeontographical Society) by MM. Milnc-Edwards 
and Jules Haime, and by M‘Coy in Sedgwick’s great work. Phillips, 
Lonsdale, King, Sam. Woodward, Parkinson, Martin, Fleming, Portlock, 
Sowerby, and Pennant have described species in their well-known works, 
and Kent, James Thomson, and 1 have contributed some information on 
the subject of the Scottish corals. But, with the exception of the labours of 
the last three persons, the literature of the Palieozoic Corals will bo found very 
accessible in the monograph already noticed , any omissions, and a con- 
siderable number of new species will bo published in my Supplement to that 
monograph, which I trust ivill appear year after year, especially as tlic 
Supplement to the Mesozoic Corals is now complete (Palocontograplncal 
Society). 

The vertical range and the horizontal distribution of the species of corals 
have been worked out by Robert Etheridge, F.R.S., in a work in Inch is now 
in course of publication (Cat of Bnt Fossils). 

MM. Milne-Edwards and Jules Haimo classified the British Palaeozoic 
Corals amongst the sections Aporosa, Tabulata, Tubulosa, and Rugosa The 
great section Perforata is not leprcscnted in the British stiata, but it is in 
the equivalent American beds. 

The only representative of the Aporosa in their classification was one of 
the Fungidoe, Palcpocyclus being the genus It is a Silurian form, and no 
others of the family have iJCen discovered in the other Palaeozoic rocks. The 
genus has been the subject of a memoir in the Philosophical Transactions, 
1867, where its rugose aflinities are pomted out, and its cyathophylloid na- 
ture also. But the Aporosa are nevertheless represented in the Devonian and 
Carboniferous rocks by the genera Battershyia and Jleterophylha (Phil. 
Trans. 1867). 

The alliances of these forms and of some of the Rugosa with the Jurassic 
Coral-fauna have been noticed in my Supplement to the Bnt. Foss. Corals 
(Pal. Soc.), part “ Liassic,” and in the Essay in the Phil. Trans, of 1867*. 

* The PalastrjEAOe^. Qener& Bat fersbyta and ffeteropi^lha (^hil Trans 1867, p 643 
et , P. M Duncan). — The so-called coenenchyma of Batter^yia ina^uahsy Ed. «& II , 
18 liKe that of Battersbyia grandis, nobis, and B gemmans, nobia. It is really nothing 
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I do not consider that the Tubnlosa belonged to the Madreporaria, but 
that they were Alcyonarians. 

It is very certain that some Aporose, Perforate, and Rugose corals have 
tabulffi, and that their existence cannot remove the forms from their re- 
ceived zoological position into the separate section of Tabulata, 

Thus tho well-known Aporose coral of the deep sea, Lophohelia pro» 


more than portions of Stromatopora which enclose the corallites and grow Bimultaneously 
with them 

I have altered the generic characters of Battershyia, in consequence of a careful exami- 
nation of the old and the two new species It is as follows — Corallum fasciculate and 
branching , corallites tall, cylindrical, unequal in size and distance , septa numerous and 
following no apparent cyclical order. 

Endotneca very abundant it is vesicular, and there are no tabulae. Epitheca, costae, 
and coenenchyma wanting Tho wall is stout, and the septa spring from wedge-shaped 
processes The columellary space is occupied by vesicular endotheca Gemmation extra* 
calicular and calioular from buds having only five septa. 

There are three species 

Battershyia inaqualis, Duncan I Devonian Limestone ; 

grandis, Duncan, - found in pebbles, 

gemmans, Duncan J and not in situ. 

In Batter^ia gemmans the buds which develop more than five septa grow into coral- 
litcs, which are destined to bud again from the external wall, and the buds which de- 
velop five septa produce other buds from their interseptal loculi , the buds thus developed 
resemble the corallites with more than three septa This curious alternation of gemma- 
tion has not lieon noticed in any other genus 

The genera BattenJyyia and Heterophylha (Phil Trans loc cit ) have much in common. 
They have a stout wall, a vesicular and dissepimental endotheca, delicate septa, very irre- 
gular in their number, and neither tabular epitheca nor a quaternary septal arrangement. 

Tho genus Battersbi/ia has nothing to ally it to tho Rugosa or the Tabulata, Hetero- 
phyllia has in some of its species the solitary septum or vacancy which is so often observed 
in the Cyathophyllida! Its costal wall and endotheca connect it with the Mesozoic and 
recent A8tra?iaaB 

Tho singular septal development ot Batfershiiia is witnessed m the fasciculate Liassio 
Astrandse The pentameral arrangement of the Battersbyian septa is not unique, for 
Acanthoccenia Batkieri, D’Orb , ot tho Neocomian has only five septa, and so have the 
species of Bentacoema, all of which are from tho same great formation. The proper Liassio 
and some of the Lower Oolitic Thecosmilue and Calamophylliaa represent and are allied 
by structure to Battershyia The highly specialized characters of the Heterophylhse, espe- 
cially of H mirahilis, could hardly be perpetuated during great and prolonged emigra- 
tions, so that the genus appears to be without representatives in the secondary rpeks. Its 
alliance to Battershyia, however, is evident enough 

Tho genus Heterophylha, M Coy, was examined by me in 1867, and the study of several 
new species of it rendered a fresh diagnosis requisite 

The following description of the diagnosis appeared in my essay on the genera Hetero- 
phyllia, &c , already noticed — 

“ Tho corallum is simple, long, and slender The gemmation takes place around the 
calicular margin, and is extracalicular The septa are either irregular in number and 
arrangement, or else are six in number and regular The costse are well developed, and 
may be trabecular, spined, and fleiuous. The wall is thick , there is no epitheca, and the 
endotheca is dissepimental ” 

The genus may be subdivided into a group with numerous septa, and a group with six 
septa. 

In the first the rugose type is faintly, and in the last the hexameml arrangement is well 
observed 

The dense wall and the dissepimental endotheca prove that the type of the Mesozoic 
Coral-fauna was foreshown. 

The endotheca varies in quantity in the different species, and it resembles the tabular 
arrangement ; but even when this is the case and the cross structures are well developed 
and numerous, they do not stretch over the axial space, so as to shut out cavities 
as if they were floors , they do not close in the whole of the visceral and interlooular 
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Uferaj Pallas, sp., may have some of its corallites subdivided by perfect 
tabulae ; the species of Gyatlio^hora of the Oolites also ; yet it would be a most 
objectionable and improper proceeding to remove these genera from their 
recognized alliances. I found an Astrceo'pora in the Museum at Liver- 
pool with tabulae ; and Mr. Kent has pointed out the perforate affinities of 
Komnchia and of the form he has published. Some llugosae have perfect 
tabulae, others have them not ; and in Cifclophylhnn and Chstophyllum dis- 
sepiments exist in some parts of a corallum and not in others, where they 
are replaced by tabulae. This interesting fact may be gleaned from James 
Thomson’s sections taken from the Scottish corals. 

Nevertheless there are forms which arc essentially tabulate, and not rugose, 
but which, so far as their hard and septal structures are concerned, may 
bo ajiciose in one instance and perforate in another ; for instance, Oolumnarta 
and Favosites. These forms may ^iiW provisionally be considered Tabulata. 

Alliances . — The Lower Cretaceous and Ncocomian corals appear to connect 
the oldest and the newest faunas, and to form an excellent starting-point 
both for the study of the Tertiary as wcU as for the Palieozoic forms. It 
will be readily observed that the succession of genera and species from the 
lower Cretaceous hon/on to the present day is gradual ; and that although 
many forms died out, still the general appearance of the consecutive faunas, 
such as those of the Middle and Upper Cietaceous, the Nummulitic, the Oli- 
gocene, the Miocene, the Pliocene, and of the two great faunas of the present 
day, presents a remarkable similarity of what is usually called “ facies.” 
The similarity between the Lower Cretaceous fauna and that of the Miocene 
has been treated of clsewheie and the analogies of the mid-tertiary corals 
and those of the Pacific also. Moreover since the last Pejiort was read the 
distinction between reef, deep-sea, and littoral coials has been more satisfac- 
torily established, and the icason why consecutive faunas upon the same 
areas could not possibly be identical, even as legaids the genera, has been 
explained f. 

As the Coral-faunas arc studied fiom those of recent date backwards in 
time, extinct forms aie met with ^hich gradually fill up the spaces in the 
very natural received classification, and it is perfectly evident that the existing 
species were foreshadowed in the past. A great number of existing species 
lived in the so-called Pliocene, and not a few in the Miocene Keuss’a 
admirable researches amongst the vast reefs which arc of an intermediate ago 
between the Plysch and the typical coral distiicts of the Miocene age, have 
carried back the homotaxis of the existing coral areas to a time which has 
hardly been recognized by Biitish geologists, but whose fossils are clearly 


cavities m a horizontfll plane -In some species tlie dissepiments aio curved, and are as 
incomplete as when they are more or less horizontal m otheis, and vesicular endotheca 
exists, more or less, m nearly all the forms 

There are no true tabulae, and the dissepiments do not mtei fere in any way with the 
passage of the septa from the lowest part ot the corallum to the cahee. 

There are eight species of Beteroyhyllm — 

Ileterophyllia grandis, M'Coy, Heterophylha M'Coyi, Duncan. 

— omata, M'Coy Lyelli, Duncan 

— — granulata, Duncan, mirabihs, Duncan. 

angulata, Duncan. — Scdgwicki, Duncan. 

The first two are found in the Carboniferous limestone of Derbyshire, and the others m 
the Scottish Carboniferous strata (see Phil Trans 1807, p 043 et seg ) 

* West-Indian Foss Corals (P M Duncan, Quart Jouin Geol Soo xxiv p 28). 
t Coral Faunas of Europe (Quart Journ Geol Soc xxvi p. 51 ct seg ). 

I Corals of Porcupine Expedition (Proc. Eoyal Society, xviii p. 289). 
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represented at Brockenhurst. In the great reefs of the Castel-Gomberto 
district there are the remains of a larger coral-fauna than that which now 
exists in the Caribbean Sea , and although a profound Blysch exists between 
them and the reefs in the Oberburg distnct, indicating great oscillations of 
the area and vast changes in the life of the time, still the genera which con- 
tnbute so largely to the formation of modem reefs arc found represented in 
abundance in the lowest reefs, which clearly belong to the Nummulitic period. 

Our Eocene corals and those found at Brockenhurst are the stunted off- 
shoots of the faunas which flourished at Oberburg and in the Vicentinc, but 
nevertheless some of their species are closely allied to those of much later 
geological date. 

Without the assistance of the labours of Rcuss and D’Achiardi zoophytolo- 
gists could not have imagined that the well-known coral-faunas of the Hala 
Mountains of Sindh, of the Nummulitic deposits of the Maritime Alps and 
Switzerland, and of the London and Pans basins were but fractions of a 
fauna which was probably richer in species than any model n coral tract ; and 
this welcome aid proves the impropriety of neglecting foreign palasontology, 
even when writing reports like the present, and which treat of the produc- 
tions of the rocks of a small area. The impossibility of comparing with any 
satisfaction the Nummulitic coral-fauna and that of the Upper Chalk is 
obvious , because the Nummulitic fauna, so far as it is known to us, was 
either a reef or a comparatively shallow-water one, whilst the eorals of the 
Upper Chalk were dwellers in a deep sea, where reef species cannot and 
could not exist. We must seek to compare the Upper Cietaceous corals with 
the deep-sea forms of the Nummulitic, but unfortunately they are not yet 
found*. 

The Lower Cretaceous corals of Great Britain were the contemporaries of 
the reef-builders of the Gosau and equivalent formations, and thus deep-sea 
and reef species were contemporaneous, as they arc at the present time, but they 
were separated by wide distances. The comparison of the reef-fauna and that 
of the deep sea is in this instance as futile as it would be at the present time ; 
but we may compare the reef-fauna of Gosau with that of the Nummulitic, 
Oligoceno, Miocene, and existing reefs, and not without benefit and good 
results, for there are persistent species which unite the whole together. 

A comparison may also be instituted between the deep-sea coial-faunas of 
the Chalk and those which flourished at corresponding depths in the succeed- 
ing geological epochs. Thus, thanks to Messrs, AVyville Thomson, Carpenter, 
and Jeffieys, I have been able to assert the extraordinaiy homologies between 
the deep-sea Cretaceous corals and those which now exist to the west of these 
islands. These results are being published by the Zoological Society. The 
present arrangement of coral geneia in and about reefs was foreshadowed as 
early as the Eocene, and such assemblages of genci a existed iii those old reefs as 
woidd characterize the coral life of atolls in the Caribbean Sea and in the raised 
reefs of the Pacific Ocean. The genera Madrejoora, ALveoi^ora, Pontes, Helias- 
ticea, and Millcpora were represented in the Oberburg, and their species con- 
stitute the bulk of existing reefs. It is important to bo thus able, fiom the 
labours of MM. Milne-Edwards, J. Haime, and Reuss, to determine the 
existence of Perforate and Tabulate corals in the earhest tertiaries, for inter- 
esting links are thus offered to the paleontologist by which the older and 
the newer faunas are connected. Such researches dimmish the importance 
of the break between the early Tertiary fauna and the present, and also, to a 

* See P. M Duncan on anew Coral from the Crag, and on the persistence of Cretaceous 
types in the deep sea (Quart. Journ. Geol. Soc. xxvu. pp. 360 & 4(H). 
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certain extent, that between the Paloaozoic and recent faunas. Thus the iind- 
ing of species of tho great Perforate genus Madrepora in the Oberburg 
carries the genus a step further back than their discovery in the Obgocene 
of Prookenhurst, and when taken into consideration with the presence of 
the Stephanophylba, a perforate simple coral, in tho Crag, Eocene, and Lower 
Cretaceous deposits, and with Actinacis, a highly developed compound form, 
in the Lower Cretaceous strata of Gosau, tho immense break between tho 
next form of the family and the existing is materially diminished. Tho next 
form IS not mot with until tho Carboniferous deposits of Indiana are reached 
in a downward course , and wo owe to the late Jules Haime the knowledge 
of the structures of Palceacis cuneiformis, Haimo, MS., from Spurgeon Hill, 
Indiana. It is indeed remarkable that the vast coralliferous strata which 
intervene between the Carboniferous and tho Lower Chalk should not present 
a satisfactory proof of the existence of those members of tho existing great 
reef-building family. There is a curious fact which may be taken for what 
it is worth in considering the absence of genera which have been represented 
in some ancient deposits and which have not been found in intermediate 
strata. Thus tho existing Wes t-India reefs contain abundance of the species 
of the genus Madrepora and Milbpora , indeed tlicy, with the forms of 
PoriteSy constitute tho bulk of tho formations. Now, although Pontes is 
common in tho Mioceno reefs of tho area, the others are very rare, for the 
coral structures wore principally composed of tabulate forms and Ileliastraeans. 
Yet wo know that before the Mioceno reefs flourished, Madrepoioe and Mille- 
porae were common enough; they were living all the while in other coral 
tracts. Put tho break between the Palaeozoic and the Lowei Cretaceous forms 
cannot be budged over without investigating tho value of the classification 
which separates the most closely allied subfamily of tho Perforata, although 
the Perforata are found in tho Great Oolite. 

II. The Perforata characterized by a porous coenenchyraa and other tissues 
present many modifications of their hard paits. Home approach the Aporosa, 
and others would hardly be considered corals by the uninitiated on account of 
the sponge-like reticulations of tho skeleton. The genus Madrepora is defined 
as follows by MM. Milne-Edwards and Jules Haime : — 

The corallum is compound and increases by budding Tho ccenenchyma 
is abundant, spongy, reticulate, slightly or not at all distinguishable from 
tho walls, which are very porous. The visceral chambers arc subdivided by tw'o 
principal septa, which meet by their inner margins, and are more developed 
than the others. 

Tho septa, especially tho two largest, although perforated, are continuous, 
and very often lamellar. 

MM. Milne-Edwards and Jules Haime distinguish the Poritidie in the fol- 
lowing manner . — ~ 

The coraUum is compound, and entirely formed of a reticulate coencnchyma, 
which is formed of trabeculae and is porous. Tho corallites are fused 
together by their walls, or by an intermediate ccenenchyma, and they multiply 
by budding, which is usually extracalicular and submarginal. 

The septal apparatus is always more or less distinct, but never completely 
lamellar, and is formed by a series of trabeculae, which constitute by their 
union a sort of lattice-work. The walls present the same structure as tho 
septa. Tho visceral chambers sometimes have rudimentary dissepiments, 
but are never divided by tabulae. 

This family is divided into two subfamilies — 

1. The Pontinae, with a rudimentary or absent ccenenchyma. 

2. The Montiporinae, with a well-developed ccenenchyma. 
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It will be noticed, when specimens of Montiporince and Madreporse are 
compared, that the distinction is in the absence of the two large and not 
very perforate septa in the ease of tho first-mentioned group, and it is clear 
that the excessively trabecular character of its septa, coenenchyma, and walls 
is characteristic. Moreover the Montipormee are recent forms. 

Tho genus Litharcea amongst tho Poritinm approaches Madrepora, however, 
and its septa are often so lamellar that they resemble those of some Helias- 
trocans amongst the Aporosa. Here the distinction between tho forms 
becomes limited. The two great septa are not extended to the median hue m 
Ltifiarcea, and there is scanty coenenchyma, but still there is some. The colu- 
raoUa of Lithai'cea is simply formed by the union of trabeculae from the septal 
ends. 

ow Protarwa vetusta, Hall, and Protarcea Vernemli, Ed. & H., Lower Silu- 
rian corals from Ohio, only differ from the species of Litharcea by having more 
aporosesepta and some coeiicnchymal protuberances*. It is necessary, however, 
on account of the comparatively late appearance (so far as our investigations 
has as yet gone) of Madrepora and Litharcea, whilst admitting the extraor- 
dinary relation of the last-named genus to Protarcea, to examine another of 
tho Jurassic Perforata. 

The genus Micro‘ioleixa of the Pentium carries tho excessively trabecular 
type of the Poritmce as far back as the Great Oolite ; it is of course one of 
the extreme forms, and most remote from Madrepora, It has more or 
less confluent septa, and nothing like tho styliform columella of Protarcea, 
Thus Palceacis, a form of the Madrcporinm, and Protarcea, a typo of the 
Poritinm, are still unsatisfactorily disconnected by intermediate species with 
their allies in tho secondary rocks. But, on the other hand, it is something 
to be able to show an anatomical connexion between tho Protarcece of the 
Lower Silunan and the MicrosoUnce of the Jurassic and of the Litharcece of the 
Nuramiilitic rocks, and between Palceacis and tho Tnrbinanans of tho group 
Madrepora, of which Actmacis is tho oldest (Lower Chalk)t. It shows that 
the leticulato or peiforatc corals existed amongst the first known eoralliferous 
rocks, that tho scheme of their organization has been perpetuated to tho 
present day through many kinds of variations, but with a great break, which 
13 owing to the imperfection of tho geological record. 

III. The Tabulata, which form such large portions of many modem reefs, 
were, as has been already noticed, in existence during tho Miocenef:, the 
01igoccne§, and the Eocene ||. They were, of course, not found amongst 
tho deep-sea deposits of the Cretaceous period, such, for instance, as our 
White Chalk , but lleuss found the genera in tho reefs of Gosau. Hehopora 
Partschi, lleuss, sp. ; //. raaci ostoma , lleuss, sp.; Pohjtremacis Blainvilleana'; 
P. bulhosa, d’Orb. • these are not uneommon in the reefs which were in 
relation with the Hippurites, and the last coral genus lived during tho 
Eocene, lleuss established a genus in 1854 for some compound, massive 
corals, with prismatic corallites with thick imperforate walls. The calices 
are without radiating septa and have no columellm. Tho tabulm are very 
irregular, some being complete and others uniting obliquely with their neigh- 
bours. The septa are represented by trabeculae. This Lower Cretaceous 
genus he named Sfi/lophijllum, and will be considered further on, 

* See Hist Nat des Corail vol. in. p. 185. 

t M. Lindhtrom 1ms lately described a Calocybtis, a perforated coral from the Silurian. 

1 See Duncan, Weet-Indian Fossil Corals (Q J. Geol. Soc.) , Reuss, Corals of Java, &C. 

I Reuss, op cif , and Duncan (Pal Soe Tertiary Corals of Brockenhurst). 

I MM. Milne-Edwards and Haime, Hist Nat. des Corall. &o. 
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Pocillopora, so common a genus amongst the Indo -Pacific reefs, was found 
in the West-India Miocene, the Javan deposits, and at Turin and Dax. It 
is considered to be allied to Coenites by Milne-Edwards, but Jules Haimo 
doubted the Zoantharian characters of the last-named genus, which is Pale- 
ozoic. Beriaiopom, a modem genus, does not appear to have been found 
fossil ; but it is closely allied, according to the received oinnion, with Mhab^ 
dopora, Demlropora, and Tracliypom, all Paheozoic genera, the fiist being 
Carboniferous and the others Devonian. MilJepora, the great reef-building 
genus of the West Indies, can be traced into the Lower Tcrtiaries, and is 
closely allied to the lleliopora already mentioned, and by structure to the 
Heholites of the Palaeozoic jicriod. 

Between the Lower Cretaceous reefs and the Palaeozoic there were the 
Devonian, the Oolitic, the Lower Liassic, the Bhaetic, and the St Cassian and 
the Muschelkalk reefs, but not a trace of a tabulate coral has been recorded 
from them, in spite of the affinities of the modern and most ancient genera 
of the Devonian. Cyathophom lias tabulae, but its alliances are with the 
Astraeidae. On examining the lists published m my last Keport, the absence 
of tabulate corals in the whole of the Mesozoic stiata of Great Biitain will bo 
apparent, and I have not been able to distinguish any foieign foims belonging 
to that vast ago (except our lloJocysUs eleyans, Kd and II ), of which notice 
will be taken in treating of the llugosa and the species of Colimna^U mi. 

Just as the Thecidae, Favositidic, andllalysitina) foimecl the reef-builders of 
the tabulate fauna of the Palxozoic times, so Millepoiida) and Seriatoporida) 
contribute to the recent reef-fauna ; but these last gencia had species iii the 
Palaeozoic fauna, so the break of the end of the 1‘einiian or Carboniferous 
periods was not complete so far as the Tabulata were concerned. The ab- 
sence of them from the successive secondary reefs that have been examined 
by palaeontologists has probably been produced by the destiuctive fossilization 
which 18 so common in existing reefs, and by the real absence of the forms 
from certain reef-areas of which there is an example (see ‘ Wcst-Indian Fossil 
Corals,’ Duncan). 

The Tabulata were as abundant in the Palaeozoic peiiods as during the 
Tertiary epochs, and the ancient and modern genera and species have certain 
characters which differentiate them more or less fiom all other coral forms 

MM. Milne-Edwards and Jules Haime characterize the Tabulata as fol- 
lows (Hist. Nat. des CoraU. iii. p. 223) . — 

The corallum is essentially composed of a well-developed mural system, and 
the visceral chambers are divided into a series of stages by transverse floois, 
which act as complete diaphragms. 

The septal apparatus is rudimentary, and is either completely deficient or 
only represented by trabeculae which do not extend far into the intertabular 
spaces. - 

The lamellar diaphragms, floors, or tabulae, which close the visceral 
chamber of the corallite at different heights, differ from the dissepiments of 
the Astrseidoe by not depending in any manner upon the septa, by closing 
completely the space below, for they stretch uninterruptedly from side to 
side, instead of simply occupying the interseptal locidi. 

The septal apparatus docs not affect the Rugose type, but that character- 
istic of the Perforata and Aporosa. The forms classified under the section of 
the Tabulata are very numerous, and hence the importance of determining 
whether they can be undoubtedly allied with the rest of the Actinozoa. 

Many years have elapsed since Agassiz expressed his opinion, founded upon 
direct obserration, that the Millepom, an important genus of the Tabulata, 
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were not Actinozoa, but Hydrozoa, and lately he has reasserted this state- 
ment* If MxlUpora is one of the Hydrozoa, those tabulate forms which 
resemble it in structure, such as Heliohtes, must reasonably be asso- 
ciated with it in classification. The importance, then, of determining this 
point is very great, and unfortunately it is accompanied by many difficulties, 
Before proceeding to criticise Agassiz’s remarks, it is necessary to examine 
the nature of the structures of the genera associated with Mtllepora, or, in 
fact, to review the classification of the Tabulata, and to note their affinities 
with the other sections. Milne-Edwards and Jules Haime divide the Tabulata 
into four families : — Millcporidao, Seriatoporidse, Pavositidee, Thecidac. 

The principle upon which this classification is founded is philosophical and 
natural to a certain degree. The first two families have more or less coenen- 
chyma between the coralhtes, and the last two have httlo or none, the co- 
raUites being soldered together by their walls. 

The genus PociUopora unites the two divisions, for it belongs to the Favo- 
sitidaj, and yet has a compact coencnchyma on the surface of the corallum. 

The classificatory value of the presence of ccenenchyma in the whole of the 
Madreporaria may be estimated by examming the scheme of MM. Milne- 
Ed wards and Jules Haimc. 

When treating of the Madreporidcc (Hist. Nat. des Corall. vol. iii. p. 91), 
they subdivide them into Eupsammince without an independent ccenenchyma, 
Madreponnoe and Turbinaniuc with a very abundant ccenenchyma. 

The Pontidse they subdivide into the Poritinse without ccenenchyma, and 
the ^Montiporinoe with an abundance of that structure in the spongy or 
alveolar foim. 

The Euphylliaceoe (Ed. & H. op. at. pp. 184 & 197) have such genera 
as JJarpsmiha and JJichocoenuf, associated with Dendrogyra, Oyrosmiha, Pa- 
chyyyra, Phqndogyra, which have or have not much coencnchyma. 

The ytylinaceie are divided into independent, “ cmpatccs,” and agglomerate. 
The independent genera have no ccenenchyma ; the “ empatees” possess it in 
the extreme so as to merit the term pcrithcca. 

The agglomerate have an excess of exotheca, but some genera are admitted 
which are united by their walls, and are therefore without exothcca or cce- 
nenchyma. Thus Phyllococnm has an exothcca quite coonenchymatous, and 
Astrocoema has none. The corallitcs of EJasmoccema have largo mural ex- 
pansions, and those of Aplocoema aie soldered by their walls. Heterocoenm 
and Pentaca’nia present the same anomalies. 

The Astrajimc present such genera as Aplimstroia and Septastrcea, the one 
with and the other without extramural tissue, and Jlehastrcea and Solenastma 
with and IsasU-aa without the same structure. 

It 18 then evident that the presence or absence of ccenenchyma had different 
significations in the estimation of the distinguished French zoophytologists. 

It is evident that the structure of the eorallites of Isastrseae and their defi- 
ciency in coencnchyma in comparison with the Hcliastraeae and Solenastrteae 
cannot bo of any very great organic significance , for the coralhtes of Heli- 
astroeac occasionally grow so close together as to produce absorption of the 
exothcca and costa3, and the same occurs in the Astrocceniae. The presence 
of cxotheca, pcritheca, and ccenenchyma (for they are grades of a particular 
structure) depends very much upon the habits of the corallum, and the notion 
of teleology can hardly be separated fiom the consideration of this presence 
and absence. Certainly to seiiaratc great groups by the presence or absence 
of ccenenchyma is not natural. It may be very useful to the classificatory 
student, because the limitation of forms is the prevailing want; but it is not 
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SO to the biologist, for these mixed and unnatural limitations and separations 
only form gaps in his argument, which require bridging over. 

The Favositidae and Thecidae, Palaeozoic forms, may then be separated, for 
the purposes of classification, from the Milleporidse and Seriatoporidie, which 
are almost all post-Palaeozoio ; but this limitation is not to impede the plain 
course of the palaeontologist, who studies from a biological point of view ; 
nor is it to stand in the way of the assertion, that the break between the 
Palaeozoic and younger Tabulata is almost ml. 

The genus Millepora belongs to the Millepondae, and the ccenenchyma of its 
species IS very abundant. It is of “ a very irregular and spongy structure, 
rather than tubular ’’ (Ed. & H ). The calices are of very difl'erent dimen- 
sions on the same coraUum. There are no distinct septa, nor is there a 
columella. The tabulae are horizontal. These are the diagnostics of the 
genus according to Milne-Edwards and J ules Hamo. A careful examination 
of the calices of good specimens determines that the trabecuLn, of which the 
ccenenchyma is composed, often projects into them, m the position of septa; 
but there is nothing like the regular arrangement as seen in Hehopora, or 
in the Poritidae of the Perforata The cells of the ccenenchyma may occa- 
sionally be seen to open into the space above the last tabula 

The absence of septa and this relation of the ccenenchyma to the gastric 
space are most important. The tubular nature of much of the ccenenchyma 
IS evident, and longitudinal sections of some size prove that the spongy nature 
of it 18 by no means constant nor uniform 

In Hehopora, belonging also to the Milleporidm, the ccenenchyma is very 
abundant, and covered here and there with loundod pores arianged more or 
less regularly and separated by papillose granules. These grams are the 
extremities of cylindncal “tigelles’’ Avhich circumscribe the tubules, the 
calice of which is open at the surface. The calices aie circular. The septa 
are slightly developed, and there arc twelve of them. The tabiiloo are well 
developed and horizontal (Ed. & H.). The nature of the ccenenchyma and 
the distinct septa distinguish this genus from the last. Both of the extinct 
species have a papillose or striated structure running over the cccnenchymal 
surface. In all the species the septa do not project far into the calico ; but 
the amount of projection is not sufficient, as a stiuctuial peculiarity, in any 
case to determine more than a specific distinction. Hence MlVl. Milne- 
Edwards and Jules Haime when they separate, in their scheme of the Millepo- 
ridse*, Millepora and Hehopora and other genera from Ilelwhtes, Proporay 
and Lyellia, i\iQ particular Palaeozoic genera, they can only be permitted to do 
so on the plea that the plan renders the genera readily distinguishable. The 
projection or non-projcction is not sufficient to determine a generic difference. 

Now Heliolites has a beautiful ccenenchyma, very geometric, and not irre- 
gular and spongy ; its cellules are placed regularly and symmetrically. In 
most of the species the septa are distinct, and project far inwards, but in 
Heliolites Orayi they are almost rudimentary. 

The genus Polytremacis links Heliolites and Hehopora together, for its 
ccenenchyma is that of the second, and the septa resemble those of the first- 
named genus. Polytremacis is not older than Hehopora in the secondary 
ages, and the septal distinction which cannot expel Heliolites Orayi from 
its genus, and which is improperly allowed to distinguish Polytremacis and 
Hehopora, and these and Heliolites, may well have been produced by varia- 
tions in a succession of early secondary forms. 


^ Op. cU, p. 220 . 



ON THE BRITISH FOSSIL CORALS. 


127 


The septal development of Heliohtes is exaggerated in Propora, a genus 
from the Upper Silurian, and which perhaps lasted into the Carboniferous. 
The costee in this genus are well developed, but the coenenchymal cells are 
less geometric than m Heholites. The structural relations are of the closest, 
and the generic distinction is not of the usual generic value. Another 
Upper Silurian genus, Lyellia, represents these symmetrical MiUeporidse 
in America. The corallite walls are subcostulate and not so costulate as in 
Propora. The septa (12) are well developed, as in Heholites and Propora and 
Ueliopora, and the ccenenchyma is perfectly vesicular — spongy, in fact, hke 
Heliopora. Here, then, in the distant and British and Northern European 
Silurians, there were closely allied forms varying amongst themselves, but 
more than the secondary types, the variation having some sort of likeness in 
both instances. It is impossible not to acknowledge the genetic aiSinities of 
all these genera except Mdlepora, of which more will be said, or to hesitate 
to assort that there has never been a break in the Tabulata, and that the Re- 
cent and Pala3o/oic Heliopora and Heholites are very closely allied, the one 
being the descendant of the other*. Axopora is a tertiary genus, and its 
immense columella, which fills up the corallite infenorly and leaves but little 
room in the calice around it, of course prevents the tabulie from reaching 
across the axial space. The tabulae come m contact with but do not perfo- 
rate the columella, so that this structure grows progressively without any 
reference to them, they do not foim floors upon which a columella is deve- 
lopedf. There aie no septa, and the ccenenchyma is reticulate in the ex- 
treme. No living analogue of this genus exists, and exception may be taken 
whether it be a true coral. It has no Palaeozoic representatives. 

Battershfia is a very remarkable Palaeozoic genus, and has been examined 
by me+. MM. Milne-Edwards and Jules Haime§ classify it with the Mil- 
lepondae, but appaiently only provisionally , but it will be noticed elsewhere. 
I have associated Battei shyia and Iletei ophyllia together as a new division 
of the Aporosa of the Astraeidae, under the name of the Palastraeaceae, which 
are noticed in the first part of this Report. 

The Favositidae are divided by MM. Milnc-Edwards and Jules Haime into 
the following subfamilies . Favositinoc, Chactetmae, Halysitinae, Pocilloporinae. 
All aie presumed to piesent the following family characteristics. — “The 
corallum is formed essentially of the lamellar walls of the corallitcs, and 
possesses hardly any or no ccenenchyma. The visceral chambers are divided 
by tabulae, which are numerous and well developed.’^ 

The subfamilies without any ccenenchyma, and those whose coralhtes form a 
massive corallum, are the Favositinae and the Chaetetinae, and the genera whose 
coralhtes are not united on all sides the Halysitinm. The Pocilloponnae 
constitute the coenenchymal subfamily. One of the great difficulties of the 
zoophytologist appears stiongly enough whilst investigating these Tabulata, for 
the question constantly arises, and can only be answered very unsatisfactorily, 
are such and such forms really Actinozoa ? are they not Polyzoa, Hydrozoa, 
or of some class which has become extinct, and which has no modern repre- 
sentatives ? 

Some genera are characterized by the absence of septa. Thus Chcetetes 
has long basaltiform coralhtes, numerous tabula) which do not correspond in 
their plane throughout the coraUum, no septa, and the reproduction is fissi- 
parous. 

* See Huxley’s Address, Q-eol Soc 1870 

t Pal. Soc Tertiary Corals, 3rd Senes, P. M Duncan, pi. vil. figs. 11-15. 

t Phil. Trans. 1867. § Op cit. p. 244. 
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Keyserling considered the genus to belong to the Alcyonaria amongst the 
Actinozoa ; but MM. Milne-Edwards and Jules Haime, considering the great 
analogy between Chceteies and Favosites, and particularly with Beaumontia, 
** ou la presence de cloisons n’est pas contestable ’’ determined its position 
to bo amongst the true Tabulata. 

The same authors now recognize the necessity of separating Chcetetes from 
Monttcuhpora, and assert that the members of the last-named genus increase 
by gemmation. 

The genus Dania differs from Chcetetes in having the tabulae on regular 
planes which traverse the whole corallum. This peculiarity is hardly of 
generic value. 

Btelhpora (Hall) is not generically different fiom Monticulipora^ and the 
truth of this assertion can bo estimated by comparing the diagnosis of the 
genera given by MM. Milne-Edwards and Jules Haime f. 

The differentiation of Dehayia (Ed. & H.)^ and of Lahechia is also unsatis- 
factory, and their more or less mammillated ca3nenchyma ranges them together 
by the side of Stellipora as subgenera of Monticuhpora. 

Now Jules Haime, when investigatmg the Oolitic Polyzoa, classified forms 
without septa and with tabulae, like Chcetetes or Monticuhpora, as Polyzoa, 
and the beautiful Stelhporce were especially included. 

Now the question arises, are there any recent Polyzoa whose soft parts 
have been examined that have tabuhe? Erom our knowledge of the recent 
Polyzoa, it IS unsafe to answer this in the affirmative. There is a freshwater 
species which is said to have tabulae, but the asseition requires confirmation. 
The classification, then, of these forms amongst the Polyzoa must be deferred, 
and I propose to decide against it now. 

Beaiimontia, the genus noticed above, is distinguished by MM. Milne- 
Edwards and Jules Haime § as follows. — “ This genus is distinguished from 
all other Chaetetinm by the formation of its tabulae, which arc irregular or 
vesicular, and it thus resembles Michelema, belonging to Eavositinae.” The 
presence of septa belonging to three cycles is asserted by the same authors, 
and this fact must remove the genus quite out of the ncighbouihood of septa- 
less forms. 

The genera of the Chaetctinac were formerly Chcetetes, Monticulipora, Dania, 
SteJhpora, Delcayia, Beaumontia, and Lahechia, It has been shown that 
Stellipora, Delcayia, and Lahechia are subgenera of Monticulipiora, that Dania 
cannot be separated from Chcetetes, and that Beaumontia has no correct affinity 
with the others, and that it belongs to another family. 

The genera should stand thus : — 

ClI.®TETlNiG. 

Cluetetesr-- Subgenus Dania, 

Monticulipora, Subgenus Stellipora. 

,, Del ayia. 

„ Lahechia. 

But the subgcneric names should bo dropped. 

This result is interesting because it eliminates Beaumontia and makes a 
compact senes, the affinities of which are not Polyzoan, but which may bo 
Alcyonanan or Hydrozoan. 

The long tabular or basaltiform corallitcs of Chcetetes and its allied forms. 
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and tlioir more or less horizontal and perfect tabnlos, recall the Tuhiporiiiao 
amongst the order of the Alcyonaria. 

The Alcyonaria are Actinozoa which are separated by MM. Milne-Edwards 
and Jules Haime from the Zoantharia on account of tho pinnate structure of 
the tentacles, and from these important organs being invariably eight in 
number. 

The zoantharian tentacles, on the contrary, are simple or irregularly rami- 
fied, and increase in number with age. 

The Alcyonaria are divided into the families of tho Alcyonidse, the Gorge - 
nidae, and the Pcnnatulidee. 

The first two families have an adherent corallum, and tho last consists of 
free forms. 

The AlcyonidoD have no hard central axis, but this characterizes the 
Gorgonidae. 

^ Now the Corniilarinae, Telestince, and Alcyonince, subfamilies of tho Alcy- 
nidae, are clearly allied to tho Tubiponnoe by their soft structures ; but the 
hard external structures of this subfamily are only faintly shown in the spi- 
culate scoiiaceous conditions of the external tegument oi Ne];>hthya, Spoggodes , 
and Paralcyommi. The polypes of Nephthya and Paraleyonium enter their 
spiculato and dense external covering when they contract; but the hard 
structures of Spoggodes celosta, Lesson, are very slightly developed. 

Tubipora (pars), Linnaeus, 

Tuhipora^ Lamarck. 

The genus has been examined by MM. Milnc-Edwards and Jules Haimo 
with their usual care and acumen. 

The specimens of Tuhiponi are so common that the descriptions of these 
authors concerning the hard parts of the corallum can readily be followed. 

The corallites are formed principally by a tabular wall, the tissue of which 
is calcareous and readily fractured. There are no septa, but there are ru- 
dimentary tabuloD, which cut off the visceral cavity into more or less perfect 
stages. The corallites arc cylindrical, and usually attain an equal height ; 
but they do not touch each other, for they are united by a peritheca, which 
is only seen here and there in distinct floors. The budding takes place 
from tlio connecting peritheca, which is therefore a true coenenchyma, and 
not like that of Solenastrcea. Were the corallites in contact the appearance 
of Chwtetes would be presented , so that the presence of the coenenchyma is 
the differentiating structure. It is only of generic value, and thus there is 
a very strong reason for associating tho ChaDtetiine and all tho other fossils 
with long tubular structures, no septa, and tabulne with the Alcyonida) in the 
subfamily Tubiporinm and near tho genus Tuhpout. These rcmaiks are 
subject, of course, to tho consideration whether the views of Agassiz already 
noticed are correct. 

Jleuss’s genus Styhphylhim (Gosau Chalk) cannot bo associated with the 
Alcyonidoe, for the species has septa. Tho corallites are united by their 
walls without there being a cooncnchj-ma, and the walls are imperforate. The 
junction of the corallites takes place by means of an epithcca. 

The junction may occur at any part of the corallite. 

The resemblance of JStylophyUum to some of the Halysitinse (Ed. & H.)’*^ 
necessitates an examination of their structural peculiarities. 


1871. 


* Ojp. cit, vol. ill. p. 280, 
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MM. Milne-Edwards and Jules Halme differentiate the Halysitinas aS 
follows : — 

‘‘The corallum is compound, but its corallites unite imperfectly, and 
constitute lamellar expansions or long fasciculi ; they are either free on two 
sides, or are united together by ^expansions murales ’ 

The septa are small, but usually very distinct , finally the walls arc well 
developed and aporose. 

The genera are :■ — ITali/sites, Fischer ; Syrinpopora, Goldfuss ; Thecosteyites, 
Ed. & H. (IlarmoditeSj Michelin); Conosteijitcs, Ed. & H. ; Flettlieiia, Ed. 
& H. 

Hahjsites^ The species are invariably formed by corallites which are joined 
on two sides, and which in transveise outline lescmblo links of a chain. 
The epithcca is very strong, and unites the corallites perlbctly where 
they are in contact from the base to the calico. Bopta 12. Tabiilm 
horizontal and \\'ell developed. (Silurian.) 

Thecostegites. The corallites have septa, horizontal tabuloe, and an exothcca 
unites them, and it is more or less tabular in structure, and cxisis in 
stages like the Tuhipora. In 1\ parvnla the coeiienchyma is nearly 
compact. (Devonian.) 

Conostegites. There arc numerous septal stria?, which mark also the smooth 
and convex surfaces of the tabula? The tabula? are more or loss iiifiin- 
dibiiliform, and the epitheca unites the coiallitcs lieio and llicie. 
^yringopora. The corallum is fasciculate, the corallites aic cydindiical and 
very long, parallel, and free laterally, except where liori/ontal tubes 
connect them. The walls are well developed, and clothed witli a strong 
epitheca; septa exist. The tabula? aic mfundibuliform. 

Fletchena, The corallum is fasciculate; the corallites arc cjlindiical, close, 
and long. The epitheca is comidetc ; septa exist. Tabuhe horizontal 
and well developed. Ko intcrcorallito tubes or expansions of epitheca. 
Gemmation calicular. 

It IS evident that some of these genera are very slightly allied , for in- 
stance, Syringopora and Fletclieria, and both of them and J/ah/sifes. 

Halysites, with its stout epitheca and simple tabuhe with non-tubiilar 
j’oints, is a very definite form. 

Thecostegites should belong to the MiUcpoiidm. 

Conostegites, with infundibuliform tabula?, is iclatcd to Ilahysites as Mulie-- 
linia is to Favosites, 

Fletchena is altogether aberrant. 

The Halysitinae comprehend, according to this analysis, Ilalysitcs, Fischer; 
Stylophyllum, Reuss; Conostegites, Ed. & H. 

The genera Syringopora and Flefihena wnll be consideied further on. 

The subfamily of the-Pocilloporinoc contains the gcneia Pocillopoia and 
Coenites. 

Pocillopora has septa (and my specimens show 12), which, even in fossil 
specimens, mark the top of the tabula?. There is a columellary sw’clling on 
its tabulae. The ccencnchyma is very stout and thick in old poitions of the 
corallum, less so where growth has just ceased, and the cmncnchyma barely 
exists where the corallites or calicos are developing. It is cellular at first, 
and then fills up with calcito and other coral salts. 

Fossil forms have been described by Reuss and myself from the Caiiiozoic 
formations. 

Cienites resembles Pocillopora in a certain density of its coonenchyma, but 
diffcis in only having three teoth-liko septa, like the genus Alveolites. 
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The mimher of septa and the habit of growth of the two genera separate 
them very widely ; and the propriety of connecting the last-named one with 
the MiUeporidee must be considered. 

There are four genera in the family of the Seriatoporidee ; — Seriatojpora, 
JDendrojporaf llJidbcloj^ora, Trachypora. 

The family is characterized by the continual growth of the lower parts of 
the corallites and the rarity of tabulae. 

Seriatopora is a recent genus, and therefore those associated with it must 
bo carcfuUy examined. 

Dendropora, Miclielm, is clearly too closely allied to Rhabdopora to bo 
separated generically. 

Rhabdopora, formed for the Dendropora megastonia^ M‘Coy, by MM. Milne- 
Edwards and J ules Haime, has only one species, the diagnosis of which is as 
follows — 

Rhabdopora meyastoma, M‘Coy, sp. — The corallum is branching. Branches 
four-sided, starting from the stem at an angle of 70°, and very equal. Cce-' 
nenchyma granulated or subechinulated and obscurely striated. Calicos in 
vertical series on each face of the branches. Septa (teeth) 12 in number and 
subcqual. 

It is impossible to separate this from Seriatopora, for the four-sided suture 
of the branches is only a specific (if that) distinction. 

Trachypora appears to bo an Alcyonarian. 

The distinction between PociUopora and Seriatopora is not generic, and 
therefore these genera and Dendropora (for Dendropora and Rhabdopora 
are equal, and the first name is the oldest) arc absorbed in one. Oken’s 
name Acropora (1815) may be used as the generic term • — Acropora 
(Seriatopora, Lamarck, PociUopora, Lamarck; Dcnc^rojiora, Michelin ; Rhah- 
dojiora, Ed. & Ilaimo). 

All the species of the absorbed genera should take the generic name of 
Acropora, and the family becomes that of the Acroporinae. Thus the sharp 
distinction between the recent and Palaeozoic forms is partly smoothed down, 
and the old Dendroporae and Rhabdopora) were doubtless the ancestral 
forms of the recent Acroporae. Coemtes cannot be associated with the 
family. 

The family of the Thccide® is characterized by well-formed septa, which 
are prolonged throughout the visceral chamber, well- developed tabula), which 
grow like dissepiments upon the sides of the septa, and these last do not 
spring from the upper suif.ice of the tabula), as in some Tabulata. The walls 
are solid, compact, and united. 

The corals contained in the family are all Silurian forms, so far as is 
known at ])rcscnt. 

Theua, Ed. & Haime. It is a most remarkable fact that this genus, the 
species of which have no tmo wall, but a dense coenenchyma between septal 
prolongations or costcc, should here give the family name. Theda Swinder^ 
niana, Goldfuss, sp., has been called eta, Pontes, Astreopora, and Palaeo- 
pora by different authors, so that its classificatory position may well bo a 
matter of doubt. It is not in the least allied to Columnaria), which has sohd 
walls, and which fulfils all the characteristics of the Thecida). 

In Theda, Ed. & II., there is a long visceral cavity surrounded by a dense 
tissue, as in Mdlepora, through which the septa, or rather the costa, run. 

What 13 the structure of PJasmopora and Propora but that of Theda 
slightly modified. The genus clearly must be associated with them amongst 
the [MillcpoTid.e. 

K 2 
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Columnana is a fine foTm ; the groat septa (12 to 18) and tabulaj, wlUi 
the compact walls, distinguish it at once. Col. alveolata is a Lower Silurian 
form, C. Gothlandica is Upper Silurian. It is a most important genus, and 
its affinities will be noticed. 

The Favositidffi have a massive corallum without coenenchyma, septa, and 
perforate walls ; that is, there are openings which permit the visceral cavity 
of one coraUito to communicate with that of another in several places. The 
following genera are included by MM. Milne-Edwards and Jules Haime : — ■ 
FavositeSf Emmonsia, Michelinia, Rosmeria, KonincJcia, Alveolites. 

Favosttes is the typical genus. In some species the mural foramina are 
scanty in number, in others numerous ; and they are even in relation with 
the angles of the wall, especially in F. alveolaris. 

The earliest species of the genus are Lower Silurian, for instance : — F. Goth-‘ 
landica, F. muUtpora, F. aspera, F. Forhesi (which ranges through to the 
Upper Silunan), and F. Jibrosa (having the same vertical range, and is found 
as a Devonian fossil). 

F. Hismgeri has the same range as F. Jibrosa. F. cnstata and F. cervl- 
torms are the same, and the range is from the Upper Silurian of England 
to the Devonian of Kussia. 

The species which are Devonian, and do not range above or below, are : — 
F Goldfussi, F. basaltica, F. pohjimorplia, F. alveolaris, F. pedicidata, F. TJd^ 
Tiatchejji, and F. mammillarts The only known Carboniferous Favosiies is 
F. parasitica, and it is a degenerate form. 

F. Gothlandica has rounded processes encircling the mural pores, and the 
projections formed upon one fit against those of the neighbouring corallite. 
F. multipora has three vertical senes of pores, and its walls arc almost as per- 
forate as some Alveoporai. 

Tho tabuloe are almost universally horizontal in the Favosites, but some aro 
wavy in their course ; and the septa are a series of vertical spines which vary 
in sue according to the cycle, and aro often referable to three cycles in six 
systems. In some there is a faint columellary swelling on tho tabuim. 

A careful examination of tho species proves that the earliest known forms 
arc as highly developed as the Devonian, but that the species parasitica is 
dwarfed. 

Emmoasla has imperfect tabula?. Tho tabula? aro vesicular at the sides, 
or disscpimental, and they communicate more or less with each other. 

Roernerui has infundibuliform tabula?, and tho species is Devonian. 

Konuiclcia is an Upper Cretaceous form ; it has thin and nearly horizontal 
tabula?, thin walls very much perforated, and six senes of largo spiny septa. 

Michehma has irregular and vesicular (dissepiraental) tabula?, and simple 
stiia? for septa (Devonian and Carboniferous). Tho alliance of Micheliniu, 
Roemeria, and Emmonsia^s, very evident. Mr. Kent has written a most 
interesting description of Favositipora (Kent), Ann. & Mag. Nat. Hist. 1870, 
vol. vi. p 384, which unites the Eavositina? and the Eavositidre. 

Alveolites offers tho same objection to being united io Favosites that Ocemtes 
does to I^ocillopora ; m fact Alveolites is a Coenites with perforated walls, 
and it 18 proposed to deal with both genera by disassociating them from their 
recognized families. 

Si/ringopora I propose uniting with tho Eavositidae, as it has tubular 
connexions between the visceral centres of tho corallites, which aro fore- 
shadowed in F. Gothlandica. 

After this analysis of tho Tabulata, it is necessary to state the opinions of 
Prof. Agassiz respecting their Hydrozoan charactenstics. 



ON THE JJRITISH FOSSIL CORALS, 133 

Prof. Agassiz (senior) writes as follows in the * American Journal of Bcienco 
and Arts/ 2nd scries, vol. xxvi. p, 140, November 1858 : — 

“The animals of Mdlepora are Hydioid Acalephs and not polyps/’ that 
is to say, they are Ilydrozoa and not Actinozoa. The resuine of several letters 
to Dana is given at the same place. “ I have seen,” writes Agassiz, “ in 
the Tortugas something very unexpected. MtUepora is not an actmoid polyp 
but a genuine Hydroid, closely allied to Hydractinia. This seems to carry 
the whole group of Favositidao over to the Acalephs, and displays a beautiful 
array of this class from the Silurian to this day.” 

Dana adds a note to this statement. “ The drawings of Professor Agassiz 
which have been sent us for examination are so obviously Hydractiman in 
most of their characters that no one can question the relation. With re- 
gard to the reference of all the Favositidie (a group including FavositeSy 
Fencstella, Pocillopora, &c., as well as the minuter Millejwra, Chcetetes, &c ) 
to the Acaleph class, direct evidence is not yet complete, as the animal of tho 
Focdlopora lias not been figured by any author on zoophytes. Fiom tho 
specimens of the species of this genus which I procured m the Pacific, I never 
obtained a clear view of the polyps, and hence made no figure. The brief 
description on page 523 of my Keport may be reasonably doubted until con- 
firmed by new researches. The much larger cells in PociUopora, FavosiUs^ 
and Fenestella than in MtUepora, and the frequently distinct rays in these 
cells, are tho characters I had mentioned to Prof. Agassiz as suggesting a 
doubt as to their being Acalephs, and to this what follows above relates.” 

Agassiz observes, in a subsequent letter, after observing that the Sidero- 
pora) obviously are polyps, “There are two types of radiating lamellee which 
are not homologous. In true polyps (excluding Favositidm as Hydroids) tho 
lamellcc extend from the outer body-wall inward along the whole height of that 
wall, and the transverse partitions reach only fiom one lamella to tho other, 
so that there is no continuity between them, while the radiating lameUai 
arc continuous from top to bottom in each cell. In Millepondoc tho partitions 
arc tiansversc and continuous across the cells ; so are they in Pocdlopora and 
in all Tabulata and Kugosa , vv hilo tho radiating lamellce, where they exist, 
as ill Pocdlopora and many other Favositidte, rise from these horizontal 
floors, and do not extend through the transverse partitions ; indeed they aro 
limited within the spaces of two successive floors, or to tho upper suifacc of 
the last. A careful comparison of the coralliim of Mdlepora and Pocillopora 
with that of Hydractima has satisfied me that these radiating partitions of 
the Favositidm, far from being productions of the body-wall, are foot-secre- 
tions, to bo compared to the axis of the Oordoma corallura <fc:c., and their 
seeming radiating lamellae to the vertical groove or keel upon the surface of 
tho latter, which, reduced to a horizontal jirojection, would also make tho 
impression of radiating lamella) in the foot of tho polyp. If this be so, you 
see at once that apparent ladiating lamella) of the Favositida) do no longer 
indicate an affinity with the true polyps, but simply a pecuhar mode of 
growth of tho corallum; and of those we have alieady seveial types, that of 
Actmoids, that of Alcyonoids, that of Bryozoa, that of Mdlepora, and other 
corallines, to which we now add that of Hydroids. Considering the subject 
in this light, is there any further objection to uniting all the Favositida) with 
tho Hydroids? Suleropora and Alveopora being of couise removed from tho 
Favositida). It is a point of great importance in a geological point of view, 
and for years I have been anticipating some such result, as you may see by 
comparing my remarks in the * American Journal,’ May 1854, p. 315. If all 
the Tabulata and Kugosa are Hydroids, os I behove them to be, the class of 
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Aoalephs is no longer an exception to the simultaneous appearance of all the 
types of Radiata in the lowest fossiliferous formations, and the peculiar cha- 
racters which these old Hydroid corals present appears in a new and very 
instructive aspect.” 

A. Agassiz includes the Tahulata amongst tho Hydrozoa. lie notices 
“that tho absence of radiating partitions in tho Tahulata seems to show 
without much doubt that their true place is among tho Hydioids.” It is 
true that Prof. Agassiz has not observed tho Medusa-buds on the specimens 
ho has figured, yet tho Hydroid character of tho animal and their simiiaiity to 
Baloclicens-\)kQ Hydroids is very striking (Ilavard Catalogue, 1865, p. 219). 

Prof. Alexander Agassiz informs me that his father still holds these opinions, 
and that new researches have satisfied him about tho correctness of tho 
drawings which have been lately reproduced. “ Mdlejm'a is not an actinoid 
polyp, but a genuine Hydroid, closely allied to Ilydractinia” 

This very strong expression of opinion is founded upon tho appearance 
presented by tho polyps of MiUepora alcicorms, tho drawing of which has 
been reproduced by A Agassiz. Now the distinction between tho Actmozoa 
and the Hydrozoa is well marked ; in the first the generative apparatus is 
included in tho gastric and perigastric cavities, and in the last the digestive 
and generative organs are perfectly apart. Every variety of tentacular and 
disk apparatus may exist in either, but tho external develojiment of the gem- 
mules, ova, and embryonic forms must bo recognized before any Coelenterate 
ammal can be associated with tho Hydrozoa. 

Here is tho point at which Agassiz fails. His researches are only sug- 
gestive, until the generative organs are recognized on the protruded polypes 
oi Millepora, and until the mesentenco-ovanan layeis are proved not to exist 
within tho calices. The external resemblance of the Milleporc polypes to tho 
stenlo Hydractima is evident 

Tho remarks upon Eavositid®, Sideroporae, and other genera, made by 
Agassiz in consequence of the assumption that Midepora is Ilydiozoan, are of 
doubtful value , and I must refer back to my analysis of tho Tahulata to show 
how a confused classification between both classes imperils research. JSidero- 
pora IS not a tabulate form even. A careful examination of Colummma satis- 
fies me that Agassiz’s description of the lamella) fails m that genus ; and inas- 
much as the wavy lines of Oorgonia and Comlhnm arc connected with the water 
system of the species, they can have no possible relation with the radiate 
amellac or groovings of tho MiUeporan calices. Tho horaologiics of the grooves 
are the depressions and irregular interstriatcd portions on top of tho emnen- 
chyma betw’een the ealices in the Tahulata. 

The perforate walls and the septa of the true Eavositidoo seem to remove 
them from tho range of the remarks of Agassiz, which may well deserve 
attention, so far as MiUepora is concerned, for it is a genus with marked 
distinctions from all other corals. 

It is not reasonable to include tho Ilugosa, because some of them have no 
tabula), and others have them so much like dissepiments, or associated with 
dissepiments, that we are impressed with tho unimportance of tho differen- 
tiations established by tho presonoo of horizontal tabula?. 

It IS most important that the minute structuie of tho Milleporida? should 
bo thoroughly investigated, and any report on the Palooozoic corals must bo 
very incomplete without a detailed description of its study. 
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With cooncnchyma . . 
Without cocncnchyma 


MlLLIiPOlUDiK 


AcROP )KTr>.E 


I’VVOSITJDU: 


llALYbiriD.h 

Alveoli riD-E 
Iiiccitic scdis 

Clirrtetes. 


■< 


Section TABULATA, 

Families. 

Millej^oridce. Coenenchyma cellular. 
AcropondcB. Ccenenchyma compact. 
Favositidce. Walls perforated. 
llalystiidce. Walls imperforate. 

Aheolitidce. Septa tridentate. 

Genera. 

Millepora^, 

lleholiteSy Ilehoporaf^ rolytremacis. 

Propora^ Plasmopora^ Thecia, 

Lyellia. 

Thccosteyites, 

Axoporci. 

j Aci opora, Senatopora, Pocillopora^ Dendropora, lihah- 
\ dopora, 

f Favosifes, Komnchia^ Favositiporay^(i\mB> nov. (Kent)^ 
j Michehma, Iloemeria, Fmmonsia. 
j ISijrinyopora. 

Aulopora. 

Ilalysites, 

StyJophyllum. 

Conosteyitcs. 

Columnana. 

[ Beaumontia, 

i Alveolites, 

Civmtes. 

Fistulipora. 

Fletchena. 

Alcyonaria. 

^[ontlcuhpora. Dania. SteJUpora. Labcchia, 


A 


ly The Ruf^os.i. — Miliic-Edwards and Jules Haimo observe {op.cH. 
vol 111. p. ‘‘that this division comjirehends simple and compound 

coi.ils, and that the septal apparatus nevei forms six distinct systems, and 
appeals to be dciived fiom four primitive elements. Sometimes this dispo- 
sition IS shown by the groat development of four principal septa, or by the 
CMstenco of four depressions which occupy the bottom of the calice and 
tike on a cioss-liko look. In other instances there is observed only one of 
tliesc depressions or excavations, or one largo septum interferes with the 
logulaily ladiato and star-shape of the septal arrangement. Finally, there 
aio instances where no traces of distinct groups or systems of septa can bo 
ie(‘ogiii/ed, and wdiere the septa are represented by numerous strice arising 
on tlie upper surface of the tabulte or dissepiments near the calicular mar- 
gin,” They continue as follows : — “ The corallites are always perfectly di- 
stinct amongst themselves, and are never united by independent coenenchyma. 
The w alls are in general very slightly developed. The visceral chamber is 


* MiUcpoia IS a most aberrant genus if it is one of the Madreporana Tabulata. I have 
not yet satisfied myself about the Hydroidean characteristics of its soft parts, but an 
examination of the coenenchyma of a series of species throws great doubt upon the Ma- 
dreporarian afTinities 

t The relation of Hchopoia to Heliohtes is of the closest 
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ordinarily occupied by a series of tabuloo or vesicular endotheca, and tho 
cndotheca often occupies the greater part of tho corallum. The septal 
lamina), although generally very incomplete, are never perforated or ‘ pou- 
trcllaire ; ’ finally, their lateral faces are not furnished with synapticulee, and 
are only rarely granular. 

The individual corallites increase by gemmation, and never by fissiparity. 
The buds are generally calicular, and this form of gemmation may continue 
ill the same individual. Tn some cases the gemmation is lateral.” 

The originators of tho “ llugosa’’ divide them into four families ; — 

1. Stauridso. 3. Cyathophylhda). 

2. Cyathoxonidic. 4. Cystiphyllida). 

In criticising this classification some definite plan must be adopted, which 
should refer to the philosophy of the classification of the Aporosa and Per- 
forata. In fact the scheme of generic subdivision and differentiation adopted 
in the Keozoic corals can be made to apply to those of the rala)ozoic ago. 
Thus an essential distinction is made amongst tlic Neozoic corals by tlio 
Bimple or compound nature of the corallum. Simple Caiyophyllinae constitiito 
a series of genera, and the compound forms arc separated as Cocnoc} athi. 
Now in the Palaiozoic genus Cyatliojilujllum^ MM Milnc-Edwards and Jules 
Haimo admit, in diicct opposition to tho Neozoic scheme, both simple and 
compound forms. This, I think, is an ciror, but only an error of classifica- 
tion, for there can bo no reasonable doubt of tho intimate genealogical 
relation of the simple and compound genera of Cuathophyllum. 


Families *. 


1. Staueid^. — Genera: Staurut, Ilolocystis, Pohjcoelia, Meirlojihyllum, 
Conosmiha. 

Of these Holocystis is a Lower Greensand form, and Conosmiha is Austra^ 
lian and Tertiary. 

MM. Mfine-Edwards and Jules Ilaimc j^laco the Staurida) first in their 
list of families ; but it would have made the classification more simple if tho 
second family took their place , and I propose to change the order of arrange- 
ment, but proceed at present in the recognized method. 

There is a well-developed wall in the Staundoc ; the septa are continuous 
from tho top to the bottom of the calico, and are eminently fjuaternary in 
their arrangement. Tho cndotheca assumes the vesicular structure between 
the septa, and then crosses over in the foim of horizontal tabulfo. The 
Staunda) approach tho C} athophyUidm more than tho Cj athoxonida) , and, 
indeed, the only essential distinction between the first two families is in tho 
truly lamellar state of tho septa in the first instance, and in tho incomplete 
condition of them in the second. Nevertheless it should constitute a family 
distinction. 

Two of the Stauridian genera arc compound, and three arc simple forms. 

Stauviaf which as yet has not been found in Pntish strata, has neither colu- 
mella nor costae, whilst Holocy^Us has both of these structures. There is no 
reason why the last-named genus should not be the lineal descendant of the 
former, Both were probably shallow-water forms in tho neighbourhood of 
reefs. 

The simple forms Conosmiha and Polycoeha arc closely allied, and tho 
presence of the first in tho Australian Tcrtiarios, and of the other in thoEuro- 


* See Hist, Nat. dos Coralhaires, vol. m 
Haitue). 


p. 325 ci teq (Milnc-Edivards and Julca 
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pcan Permian, is highly suggestive. The remaining form, Metriophyllum^ 
offers a great difficulty, for if the received classification be adopted, the genus 
is very abcriant. Thus Metriophylhim, has not four piincipal septa, but the 
septa are arranged in four groups, a gap or kind of septal fossula being be-« 
tween each group. The British Devonian species {M. Battershyi^ Ed. & H.) 
was founded upon a transverse section of a slab, and therefore the entire 
nature of the septa could hardly be determined. The question arises at once, 
what do those septal fossulm mean? And another follows very naturally, are 
they in relation with the primary septa ? 

I think that they denote a ditferenco in the physiology of the polype, for 
they would permit of a deeper development of the visceral cavity and an 
enlarged condition of the ovarian apparatus. Moreover, these fossulm may 
have much to do with the growth of the coral in calibre and in septal num- 
ber ; and, furthermore, Lindstrom’s admirably suggestive paper on the oper-^ 
culated structures, necessitates much attention being paid to them. Can 
there be any genealogical classification which wiU connect in one family 
such different forms as Metriophyllum and Folycceha? I think not. 

Eliminating, then, Metriophyllum fiom the Staunda), I propose to permit 
the genus to remain per se for the present. 

2. Cyathoxonidje. — Genera. Cyathoxonia, Palseozoic; RaplophylUa{VovLV’' 
tales) and Guynia (Duncan), recent. 

This group has no endothcca, and resembles the Turbinolidoe amongst the 
Neozoic corals, but it has the quaternary arrangement of the septa. 

All the forms are simple. Cyathoxonia preceded the others, and all are 
closely allied. The foreshadowing of the Neozoic forms in the Palceozoia 
Cyathoxonidje is evident enough. 


Report on the Heat generated in the Blood during the process of 
Arterialization By Arthur Gamgee, M . D.y F.R S.E., Lecturer on 
Physiology in the Extra- Academical Medical School of Edinburgh. 

In a Report which was submitted to the Biiljsh Association in Liverpool 
last year*, I very shortly alluded to the objects which I had in view in com- 
mencing an investigation on the veiy obscuic subject of the heat generated 
during the arterialization of blood. 

I pointed out that two methods of icsearch suggested themselves as likely 
to elicit facts which would lead to a solution of the problem, and I stated 
that both these methods had been emploj ed by prei lous observers. 

The fiist method, which would at first sight appear likely to furnish us 
with most important data, consists in ascertaining the temperature of the 
blood in the right and left ventricles of the heart of hving animals. If our 
methods of experimenting were free from the great fallacies which are in- 
troduced when we arc compelled to interfere, in a serious manner, with the 
central organ of the circulation, and if it resulted that the left side of the 
heart contained blood warmer than that of the right side, we should bo driven 
tOfcthe conclusion either that during the process of absorption and combina- 
tion of the oxygen of the air a very perceptible evolution of heat had oc- 


* Report of tho Liverpool Meeting, p 228. 
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curred, or that within tho pnlmonuiy vessels considerable oxidation processes 
of tho blood contained in them had taken place. If, on tho other hand, tho 
temperature of tho left side were the same as that of tho right side, or lower, 
tho question would still remain an open one ; for heat might bo evolved in 
the lungs, and yet tho quantity might bo insufficient to counterbalance the 
loss of heat due to tho evolution of largo quantities of watery vapour, of car- 
bonic acid, and to tho heating of the air which wo daily inspire. 

The first method, or that which consists in ascertaining the temperature 
of tho two sides of tlio heart, need scarcely ho touched upon at present ; and 
I shall merely confine myself to tho statement that, in the hands of tho most 
experienced and reliable physiologists, and specially in those of Professor 
Claude Bernard, it has led to tho curious result that tho blood which 
Teaches the left ventricle is colder than that which leaves tho right. This 
result would, at fiist sight, appear to prove that if any heat bo evolved in 
the lungs, its amount is not sufficient to compensate the losses to which I 
have already alluded, and rendered it absolutely essential that fresh experi- 
ments should be conducted by a second method, which consists in ascer- 
taining whether, when venous blood removed from the body is agitated with 
oxygen or atmospheric air, any changes occur in its temperature. 

The first step in the inqinrj* consisted in ascertaining tho specific heat of 
blood, for none of the experiments previously made had led to trustworthy 
results. Dr. Crawford had, in the last century, advanced a theoiy of animal 
heat which was based upon an assumed difference in tlio specific heat of 
arterial and venous blood he supposed that tho former possessed a very high, 
and the latter a comparatively low specific heat , so that in becoming arte- 
riahzed m the lungs, tho heat resulting from tho condensation, solution, and 
probable chemical combination of oxygen with tho blood became latent, 
being, however, evolved as the blood circulated through the body, when, 
becoming venous, it acquired a continually diminishing specific heat. Dr. 
John Davy, in his ‘ lleseaiches, Physiological and Anatomical,’ vol. i. p 141, 
in a chapter entitled On the Capacities of Venous and Arterial Blood for 
Heat,” described experiments which contradicted tho hypothesis of Crawford 
as to the difiercncc in the specific heat of tho two varieties of blood, although 
tho extraordinary disci cpancies between diffeient experiments rendered it 
impossible that any calculations could be based upon Dr. Davy’s results. In 
his experiments. Dr. Davy made use of deftbrinated blood, employing for the 
determination of sjiccific heat the methods of mixture and rate of cooling. 

In tho expenments winch I performed last year, and which are published 
in tho last volume of the Deports of tho British Association, I made use 
of the method of mixture, taking caie to adopt all tho precautions which 
modem expcncnco has ^ggested. Making use of tho perfectly fresh blood 
of tho ox, whicli was sometimes venous, sometimes arterial, I obtained re- 
markably concordant icsults, tho mean of which gave 1’02 as the coefficient 
of the specific heat of blood Having made this determination, I could pass 
to the experiments intended to determine whether, in being arterialized, 
blood which is perfectly venous becomes hotter. 

As a preface to my owm researches on this subject, it is incumbent upon mo 
to allude to all tho observations which have been made on this subject. In 
the second volume of Dr. Davy’s ‘ Bcsearches, Physiological and Anatomical,’ 
at p. 168 a section is devoted to the following question : — “ When oxygen is 
absorbed by the blood, ts there any production of heat^^^ 

“ To endeavour to determine this point,” says Dr. Davy, “ of so much in- 
terest m connexion with the theory of animal heat, a very thin vial, of the 
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capacity of eight liquid oxmccs, was selected and carefully enveloped in bad 
conducting substances, viz. several folds of flannel, of fine oiled paper, and 
of oiled cloth. Thus prepared, and a perforated cork being provided holding 
a delicate thermometer, 2 cubic inches of mcrciiiy were introduced, and im- 
mediately after it was filled with venous blood kept liquid as before described. 
The vial was now corked and shaken ; the thciraometer included was sta- 
tionary at 45°. After five minutes that it was so stationary the thermometer 
was withdrawn ; the vial, closed by another cork, was transferred to a mercu- 
rial bath, and 1} cubic inch of oxygen was introduced. The common cork 
was returned, and the vial was well agitated for about a minute : the ther- 
mbmeter was now introduced , it rose immediately to 4G°, and, continuing 
the agitation, it rose further to 46°‘5, very ncaily to 17^*. This experiraenl/ 
was made on the 12th of February, 1838, on the blood of the sheep. On the 
following day a similar experiment was made on the venous blood of man. 
The vial was filled with 11 cubic inches of tins blood, its fibrino broken up in 
the usual manner, and wuth 3 cubic inches of mercury, the temperature of 
the blood and mercury was 42°*5, and the temperature was the same after 
the introduction of 3 cubic inches of oxygen The temperature of the room 
being 47°, a fire having shortly before been lit, the \ial was taken to an ad- 
joining passage, where the temperature of the air was 30°. Here the vial 
was well agitated, held in the hand with thick gloves on as an additional 
protection ; after about three quarters of a minute the thermometer in the' 
vial had risen a degree, viz. to 43° 5.” I)r. Davy relates two other experi- 
ments, of which the first was performed on the venous blood taken from the 
jugular vein of a sheep, the second on arterial blood. The three expenmenta 
with venous blood showed that when agitated with mercury and air for the 
space of a minute, venous blood was heated to the extent of 1° Fahr., whilst 
the arterial blood was heated only half a degree 

Dr. Davy quotes Sir Charles Scudamore, who, in his ‘ Essay on the Blood,*' 
atp. 59, states that venous blood cools much more slowly in oxygen gas than 
in atmospheric air ; that tho same blood divided into two cupping-glasses, 

after an interval of eight minutes fiom the beginning of the experiment,’* 
exhibited a diftercnco of 8°, — that exposed to oxygen being 85°, that to atmo- 
spheric air 77°. 

H. Nassc, in his article on Animal Heat in the fourth volume of Wagner’s 
‘ Handworterbuch dcr Physiologie’ (1842), quotes ]\raifliand to tho ctfect 
that when oxygen is shaken with blood tho latter is heated. 

In a paper entitled “ On tho lielative Tcmpeiatuic of Ai tonal and Venous 
Blood,” Mr. W. B Savory, having described at considerable length observa- 
tions on tho temperature of the two sides of the heart, desciibcs others 
performed with a view to check the accuracy of the experiments of Dr. 
John Davy, and states the conclusions to wdiich ho was led by his own 
experiments, viz. : — 1st, that when venous blood is treated, as was done by 
Dr. Davy in his experiments, with oxygen, its temperature was usually raised 
from 1° to 1|° or 2°, 2udly, that wdion venous blood was treated in a similar 
manner with hydrogen or carbonic acid, its temperature was as frequently 
raised, and generally to the same extent; 3idly, that similar experiment 
upon arterial blood usually yielded the same results ; dthly, that in all cases 
the increase of temperature seemed to bo the result of the agitation. In 
concluding his paper, Mr. Savory remarked, “ At present there is no evi- 
dence upon which we can safely venture fuithcr into this inquiry. If, as I 
conclude from my experiments, arterial blood is warmer than venous, the 
increase of temperature must occur in the lungs as a result of those changes 
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which the blood there undergoes. Of the nature of those changes, little op 
nothing is known.” 

In my early researches, conducted during the months of May and Juno 
18C9, I had attempted to determine, by means of comparatively simple con- 
trivances, whether any heat was evolved during artenahzation, making use of 
delicate thermometeis. At first I used a glass bottle furnished w'lth a tubu- 
iature, near the bottom in w'hich a cork, perforated and furnished wuth a glass 
tube closed by india-rubber tubing and a clip, was inseitcd. The neck of the 
bottle was furnished with a cork perforated in two places ; thiough one of 
the perforations a delicate Centigrade thermometer passed into the centre of 
the flask, whilst into the other was inserted a bent glass tube through which 
gas might be introduced into the apparatus. The bottle which I have de- 
scribed was filled w’lth venous blood, both the tubes communicating with its 
interior being closed. It was then maintained at a temperature varying be- 
tween 30° and 35° C. for many hours, until it had assumed the characteristic 
cherry-red coloration which indicates the complete removal of the loosely 
combined oxygen of the blood. The apparatus having been allowed to cool, 
it was invested wdth a jacket of felt. An india-rubber tube was made to 
connect the upper glass tube with a hydrogen gasometer, whilst the lower 
tube being opened, the hydrogen expelled any lequircd quantity of blood. 
The apparatus was then shaken and the tempeiature determined. Then by 
a repetition of the process (folio wTd in the intioduction of hydi'ogen) pure 
oxygen gas was made to displace more of the blood, and the process of shaking 
repeated as before. The results of such experiments were eminently unsatis- 
factory, varying obviously with the amount of mechanical woik which was 
formed by the experiments, and which yet did not admit of exact deter- 
mination. 

In some experiments I observed a heating which amounted to 0° 3 C. ; in 
other cases the difference in the readings, befoic the introduction of oxygen 
and after it, seemed to point to a cooling instead of to a heating. To 
give an idea of the indefinite and perplexing results which I obtained, I 
shall cite the details of an experiment performed on the 23rd of June, 1870, 
by Professor Tait and myself, the apparatus used being a tin vessel resem- 
bling in principle the one of glass which I have already desciibed. This 
vessel was covered with felt, and, when shaken, it w'as held by means of a 
very strong non clamp. Having been filled w ith sheep’s blood, it w^as placed 
in an air-oven and maintained foi a period of twehe houis at a tcmiieiatuic 
which oscillated between 100^ and 110° Pahr. It was afterw ards placed in 
the room in which my experiments w'crc carried on; but in older to make 
it cool more rapidly, its felt covering was taken off, and it was placed m 
water at a temperature of 15° C. It was dried, again covered with felt, 
and fixed in its clamp_ Hydrogen was then made to expel 4*5 cubic 
inches of blood, w'hich wms found by spectroscopic examination to exhibit the 
single band of reduced haemoglobin ; after shaking the blood and hjdrogcii 
in the apparatus, its temperature was found to be 17° 8 C., then 18° C., the 
temperature of the air being 20°*4 C. 10 cubic inches of blood were then 
drawn off and replaced by oxygen, which was biought in contact with the 
blood by shaking ; the temperature rose to 18°'l C. : more oxjgcn was intro- 
duced and the shaking repeated, the temperature rising to 18°*25, 18° 4, 18°*5, 
I8°*6, 18°'6, 18°'55, 18°*7, 18°*75, 18°*77. At the conclusion of the experi- 
ment the quantity of blood which had been arterialized was found to bo 3 GO 
cubic centims. This experiment merely gave one of many results ; for as long 
as I followed this method I was quite unable twice to determine the same 
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amount of heat as the result of oxygenation of the blood. The amount of 
heating in a given time depended upon several important factors, as the dif- 
ference between the temperature of the blood in the experimental vessel and 
that of the surrounding air, upon the amount of blood contained in the appa- 
ratus, and the space through which the vessel was moved during its agitation, 
no less than upon the number of the agitations. 

To describe, or even to give the results of a seiies of experiments so emi- 
nently unsatisfactory, would be a mere waste of time ; it will be sufficient 
for me to state, however, that I clearly came to the conclusion that, like those 
who had preceded me, I had obtained no positive proof of the heating of 
blood when it absorbs oxygen, there having been as great a heating when 
water as when blood was experimented upon. 

In commencing new experiments this year, I did so with the conviction 
that, in order to obtain results of any value, my apparatus should bo so con- 
structed and my experiments so conducted as to preclude the possibility of 
any appreciable rise in temperature resulting from the mechanical work of 
shaking. Then I decided upon discarding thermometers, and making use of 
thermo-electric junctions of great delicacy. 

The galvanometer employed in the research was one resembling one of 
Sir Wni. Thomson’s older forms, constructed especially for Professor Tait, 
every possible precaution having been taken to avoid a trace of iron in 
the coils and framework. The wire was drawn through agate plates 
from electrolytic copper, covered with white silk and formed into four coils, 
each adjusted to produce the maximum effect with the least resistance, 
those paits of the coils nearest the magnets being made of finer wire. 
The astatic system vibrated under the earth’s force once in eight seconds ; 
but as this was much too delicate for my purpose, I placed near the in- 
strument a bar-magnet, which reduced the period of vibration to 3*’4. 

The thermo-electric junctions which I employed were made by twisting 
very thin iron and copper wire together, the free ends of the copper wires 
being immersed into the mercury pools of a very simple form of commu- 
tator placed in the circuit, which enabled me, with the greatest ease, to 
reverse the current flowing along the wires. 

The apparatus actually employed in my experiments consisted of an 
upper glass vessel, which I may call the blood reservoir, to which was con- 
nected a lower vessel, also of glass, and in which the blood, which was the 
subject of experiment, could be brought in contact with the gases which 
were intended to act upon it. 

The upper vessel was a glass bulb of a pyriform shape, and had a capacity 
of about 150 cubic centimetres. Above and below it was drawn out, so as to 
present two tubes, the upper of which was bent at right angles and furnished 
with a piece of india-rubber tubing, which admitted of being closed by a clamp, 
whilst the lower was furnished with a very accurately ground stopcock. In 
the side of the bulb was a round tubulaturc, which could be closed with a cork, 
through which passed a thermo-electric junction. The lower, or mixmg- 
vessel, was cylindrical in shape, and possessed four apertures. The upper one 
was closed by a cork, bored so as to allow of the passage of a glass tube, 
attached above by means of an elastic tube to the stopcock of upper vessel or 
reservoir, and made of such a length as to reach to the bottom of the mixing- 
vessel. Near the upper aperture was a second lateral one, into which a 
glass tube had been fused. This glass tube could bo connected, by means of 
a metallic tube and stopcocks, cither with a Sprengel mercurial aspirator or 
with an oxygen or hydrogen gasometer. A third lateral aperture was 
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closed with a cork, perforated (like tho ono which closed the upper vessel) 
by a second thermal junction. A fourth aperture in the mixing- vessel, 
closed by a stopcock, enabled it to be emptied. 

In dctcrnnning Avith such an apparatus whether heat is generated when 
venous blood becomes arterial, the upper vessel is disconnected from the 
lower at a point below the glass stopcock previously described ; it is com- 
pletely filled With water, and then tho water is displaced by a stream of 
pure hydrogen gas admitted through the upper tube. 

The lower glass tube is then connected with the vessel which contains the 
blood to be experimented upon. The upper tube, through which hydrogen had 
been admitted, is now connected to the Sprengel pump, which rapidly sucks 
the blood into tho \essol, without the slightest possibility of its coming in 
contact with oxygen. The upper vessel is either partially or completely filled 
with blood, but it always is ultimately left in connexion with a hydrogen 
gasometer. 

The mixing- vessel (tho lowest aperture of which has been closed by india- 
rubber tubing and clip) is now connected to tho Sprengel pump, and a va- 
cuum is formed into w'hich h}diogen is allowed freely to flow. The vacuum 
is renewed three or four times consecutively, hj drogen being aUowed to flow 
into the apparatus each time. The object of this is to exclude traces from 
the lower vessel of atmospheric oxygon. 

The stopcock which connects the upper and lower vessels is opened, and 
venous blood is allowed to flow into the lower vessel. In actual work both 
tho upper and lower vessels are thickly covered with wadding. The upper 
one is firmly fixed in a clamp, and constitutes a reservoir, which, except 
when the atmospheric changes in temperature are abnormally sudden, main- 
tains dining limited pciiods of time a constant temperature. Tho lower tube 
being connected to the stopcock of the upper by means of a flexible india- 
rubber tube, admits of being comjiletely tilted, or, if necessary, shaken. 

As soon as the lower vessel contains the blood to be experimented upon, 
the thermal junctions are brought m connexion with tho galvanometer, 
Tho amount of deviation on the graduated scale, and the direction of the 
deviation, at once ti'lls tho experimenter whether the upper or tho lower 
junction be the hotter. Tho lower vessel is thoroughly shaken, then, after 
some time, the tempciaturo of its contents is determined by reading on the 
scale placed in fiont of tho gulvanometor, Tho tube and its contents are 
then repeatedly tilted, a reading of the galvanometci being taken after each 
set of five tilts. After a cei tain tunc the lower vessel has assumed a constant 
temperature, and readings, at the interval of two or three minutes, show no 
perceptible change. I may remark that the galvanometer which, through 
tho kindness of Trof. Tait, was placed at my disposal was so set that in my 
various experiments one' division of the divided scale corresponded to the 
100th or the 120th of a degree Cent. Tho first observations made with my 
apparatus were intended to determine whether such an amount of agitation 
as would be required to communicate a thoroughly arterial colour to perfectly 
venous blood w^ould heat tho fluid to a perceptible extent, in consequence of 
the mechanical work expended in the agitation. 

In preliminary experiments I found that venous blood assumed a beauti- 
ful artenal hue, when it was mixed with oxygen contained in tho mixing- 
vessel, by successively tilting tho tube twenty times. In each tilt tho tube 
containing blood and oxygen was completely reversed. In other preli- 
minary experiments I found that when tho tube contained thoroughly arte- 
rialized blood or water, tho process of tilting had no “influence on th® 
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temperature of the contained fluid. It was, therefore, obvious that any heat- 
ing which might occur in the process of tilting or shaking in subsequent 
experiments could not be referred to the mechanical work expended in th,e 
tube and its contents. 

My next experiments consisted in determining whether, when agitated 
with a neutral gas, as, for example, hydrogen, any material change in the 
temperature of the blood occurred ; they led to the result that when agi- 
tated with hydrogen gas no heating of the blood results, it being always 
remembered that the mechanical agitation to w'hieh the blood and the 
neutral gas were subjected was the same as in my expeiimonts with blood 
and oxygen. 

In my systematic experiments on the heat generated during the process 
of arterialization, the following observations wcio always made . — 

1. The temperature of the lower as contrasted with the upper vessel was 
determined after the latter had been exhausted 

2. The temperature- observations were lepeated after shaking with hy-- 
drogen. 

3. After the renewal of a vacuum. 

4. After admission of oxygen in the mixing-vessel. 

5. After oxygen had been thoroughly shaken vith the blood. 

The results of my experiments on veiy numerous samples of venous blood 
have led to the conclusion that whilst, as I have pre\iously mentioned, no 
lieat is evolved on agitating blood with hydrogen, there is, on agitation with- 
oxygen, always a shyht evolution of heat. 

To determine the exact heating, when venous blood of varying gaseous 
composition is arterialized, appears to bo most desiiable AYc should espe- 
cially attempt to deteimine the heating obscived "when the average venous 
blood contained in the right ventiicle and dncctly drawn fiom it is ar- 
teridlized. The first and most important datum to bo ascei tamed appeared 
to me, however, to be the heating which takes place when blood which has 
been thoroughly reduced, i e. which contains no loosely combined oxygen 
and exhibits Stokes’s spectrum, is completely arterialized. 

Tiom five sets of experiments on the heat developed during the artcriali- 
zation of perfectly reduced blood, I arrived at the conclusion that the mean 
nso of temperature during the absorption of oxygen amounted to 0°*0976 C, 
The maximum heating found was 0°'lll C., and the minimum 0° 083 C. 

The research, of which the above arc the results, was conducted in tho 
Physical Laboratory of the University of Edmbuigh , and 1 have to express 
my thanks to Piofessor Tait for the uniform kindness with which he helped 
mo by advice, assistance, and apparatus in ascertaining the facts which are 
recorded in this Report. I intend to extend these rcseai ches very greatly. 
It is most desirable that in future experiments venous blood of known com- 
position be employed, and that the amount of oxygen absorbed and CO, 
evolved be ascertained after each experiment. I propose likewise to increase 
the period during which the blood is Agitated, making use of an arrangement 
whereby tho mechanical work performed in tho agitation may bo precisely 
determined. 
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Report of the Committee appointed to consider the subject of 
Physiological Experimentation, 

A Committee, consisting of ten individuals, having been appointed at the last 
Meeting of the British Association, held at Liverpool, to consider the subject 
of Physiological Experimentation, in accordance with a Resolution of the 
General Committee hereto annexed, the following Report was drawn up and 
signed by seven members of the Committee. 


11 . 


111 . 


Report. 

1. No experiment which can bo performed under the influence of an anaes- 
thetic ought to be done without it. 

No painful experiment is justifiable for the mere purpose of illustrating a 
law or fact already demonstrated ; in other words, experimentation with- 
out the employment of anaesthetics is not a fitting exhibition for teaching 
purposes. 

Whenever, for the investigation of new truth, it is necessary to make a 
painful experiment, every effort should be made to ensure success, in 
order that the suffering inflicted may not bo wasted. For this reason, 
no painful experiment ought to be performed by an unskilled person 
with insufficient instruments and assistance, or in places not suitable to 
the purpose, that is to say, anywhere except m physiological and patho- 
logical laboratories, under proper regulations. 

In the scientific preparation for veterinary practice, operations ought not 
to be performed upon living animals for the mere purpose of obtaining 
greater operative dexterity. 

Signed by : — M. A. Lawson, Oxford. G. M. Humpurt, Cambridge. 
John H. Balfoue, j 
Arthur Gamolb, j ° 

William Flower, Royal College of Surgeons, London, 
J. Burdon Sanderson, London. 

George Rolleston, Secretary ^ Oxford. 


IV. 


Resolutions referred to in the Report. 

That the Committee of Section D (Biology) be requested to draw up a 
statement of their views upon Physiological Experiments in their various 
bearings, and that this document bo circulated among the Members of the 
Association. 

That the said Committee be further requested to consider from time to time 
whether any steps can be taken by them, or by the Association, which will 
tend to reduce to its minimum the suffenng entailed by legitimate physiolo- 
gical inquiries ; or any which will have the effect of employing the influence 
of this Association in the discouragement of experiments which are not clearly 
legitimate on live animals. 

The following resolution, subsequently passed by the Committee of Section 
D (Biology), was adopted by the General Committee : — 

‘^That the following gentlemen bo appointed a Committee for the pur- 
pose of carrying out the suggestion on the question of Physiological Expe- 
riments made by the General Committee, — Professor Rolleston, Professor 
Lawson, Professor Balfour, Dr. Gam gee. Professor M. Foster, Professor 
Humphry, Professor W. H. Flower, Professor Sanderson, Professor Mac- 
alistor, and Professor Redfern ; that Professor Rolleston bo the Secretary, 
and that they bo requested to report to the General Committee,” 
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Report on the Physiological Action of Organic Chemical Compounds, 
By Benjamin Ward Richardson, M,A., M,D., F.R,S. 

The plan I have heretofore followed, of passing under review the practical 
results of the labours chronicled in previous Reports, cannot be carried out 
this year. The review itself would now become so comprehensive that it 
would occupy all the time allowed for the reading of the Report to the ex- 
clusion of the new matter to bo brought forward. I shall therefore proceed 
at once to the descnjition of now research. 

Chloral Hydrate. 

It is two years since the substance called chloral hydrate (the physio- 
logical properties of which had been previously discovered by Liebroich) was 
introduced into this country at the Norwich Meeting of this Association. 
During the first year of the employment of chloral hydrate the enthusiasm 
connected with the learning of its value prevented, in some degree, all fair 
criticism as to its real values and dangeis. The year immediately past 
has afforded time for calmer and more judicial observation, greatly, as I think, 
to the advantage of the public, since it has given to the professors of medical 
art the opportunity of learning that the new agent placed in their hands, 
blessing as it is to humanity, is not an unalloyed blessing, but one that has 
engendered a new and injurious habit of narcotic luxury, and has added 
another cause to the prcventible causes of the mortality of the nation. 

Recognizing these truths, I have felt it a duty to devote some part of the 
labours of this Report to the elucidation of questions which have become of 
public, not less than of scientific importance, and to these I would now ask 
attention. 

1. I have endeavoured to ascertain what is a dangerous and what a fatal 
dose of chloral hydrate. The conclusion at which I have been able first to 
arrive on this point is, that the maximum quantity of the liydratc that can 
bo borne, at one dose, bears some proportion to the weight of the animal 
subjected to its influence. The rule, however, docs not extend equally to 
animals of any and every class. The proportion is practically the same in 
the same classes, but there is no actual universality of rule. A mouse weigh- 
ing from three-quarters of an ounce to an ounce will be put to sleep by one 
quarter of a grain of the hydrate, and will bo killed by a grain. A pigeon 
weighing twelve ounces will bo put to sleep by two grains of the hydrate, and 
will bo killed by five grains. A guineapig weighing sixteen ounces will be 
put by two grams into deep sleep, and by five grams into fatal sleep. ^ A 
rabbit weighing eighty-eight ounces will be thrown by thirty grains into 
deep sleep, and by sixty grains into fatal sleep. 

The human subject, weighing from one hundred and twenty to one hundred 
and forty pounds, will be made by ninety grains to pass into deep sleep, and 
by one hundred and forty grains into a sleep that will be dangerous. 

Rrom the effects produced on a man who had of his own accord taken a 
hundred and twenty grains of the hydrate, and who seemed at one period to 
be passmg into death, I was led to infer that in the human subject one 
hundred and forty grains should be accepted as dangerous, and one hundred 
and eighty as a fatal dose. Evidence has, however, recently been brought 
before mo which leads me to think that, although eighty grains would 
in most instances prove fatal, it could, under very favourable circumstances, 
be recovered from. 

1871. 
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Dr. Hills, of the Thorpe Asylum, Norwich, has, for example, favoured mo 
with the facts of an instance in which a suicidal woman took no less than 
four hundred and seventy-two grains of the hydrate dissolved in sixteen ounces 
of water, and actually did not die for thirty-three hours. Such a fact, ably 
observed as it was, is startling ; but it does not, I think, militate against the 
rule that one hundred and forty grains is the maximum quantity that 
should, under any circumstances, be administered to the human subject. 

2. A second point to which my attention has been directed is, what quan- 
tity of hydrate of chloral can be taken with safety at given intervals for a 
given period of time, say of twenty-four hours. To arrive at some fair con- 
clusion on this subject, I calculated from a senes of experiments the 
time required for the development of symptoms from different doses of the 
hydrate, the full period of the symptoms, and the time when they had entirely 
passed away. Great difficulties attend this line of investigation ; but I may 
state, as a near approximation to the truth, that an adult person who has 
taken chloral in sufficient quantity to bo influenced by it, disposes of it at the 
rate of about seven grams per hour. In repeated doses, the hydi ate of chloral 
might therefore be given at the rate of twelve grams every two hours for 
twenty-four hours, with less danger than would occur from giving twelve 
times twelve (144) grains at once ; but I do not think that amount ought, 
except m the extremest emergencies, to be exceeded oven in divided 
quantities. 

3. A third point to which I have paid attention is, the moans to be adopted 
in any ease when, from accident or other cause, a largo and fatal dose of 
chloral hydrate has been administered. I can speak hero with precision. It 
should be remembered that this hydrate, from its great solubility, is rajiidly 
diffused through all the organism. It is m vain, consequently, to attempt its 
removal by any extreme measures after it has fairly taken effect. In other 
words, the animal or person under chloral, like an animal or person in a 
fever, must go through a distinct series of stages on the way to recovery or 
death j and these stages will be long or short, slightly dangerous or intensely 
dangerous, all but fatal or actually fatal, according to the conditions by which 
the animal is surrounded. One of the first and marked effects of the chloral is 
reduction of the animal temperature ; and when an animal is deeply under the 
influence of the agent, in the fourth degree of narcotism of Dr. Snow, the tem- 
perature of its body, unless the external warmth be carefully sustained, will 
quicklj’^ descend seven and even eight degrees below the natural standard. 
Such reduction of temperature is itself a source of danger ; it allows conden- 
sation of fluid on the bronchial pulmonary surface, and so induces apnoea, 
and it indicates a penod when the convulsion of cold (a convulsion which 
sharply precedes death) is at hand. 

I offer these explanations in order to indicate the first favourable condition 
for the recovery of an animal or man from the effects of an extreme dose of 
chloral hydrate. It is essential that the body of the animal bo kept warm, 
and not merely so, but that the air inspired by the animal be of high tempe- 
rature. The first effort to recovery, in short, should consist in placing the 
animal in a warm air. This fact is perfectly illustrated by experiment on 
the inferior animals. In the pigeon an air of 95° Pahr. is most favourable, 
in the rabbit an air at 105° to 110°, in the dog the same. In man the 
air to be breathed should be raised and sustained at 90° Pahr. at least**^. 

* I have no doubt it will be found, as the chronicle of deaths from chloral hydrate in- 
creasea, that the mortality from the agent will bo gi’eatest when the thermometrical 
reedings are the lowest, and vice versd. 
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The next thing to be remembered in the recovery of persons under the 
fatal influence of chloral hydrate is to sustain the body by food. I find tliat 
under even deep sleep from the narcotic, although the process of waste is less 
than is common under natural conditions of rest, there is still a very con- 
siderable waste in progress, which, if not made up, is against recoveiy. I 
find also that the digestive and assimilating powers, though impaired during 
sleep from chloral, are not arrested, but may be called into fair action with so 
much advantage, that if two animals be cast into deep sleep by an excessive 
quantity of the narcotic, and one be left without food and the other be artifi- 
cially fed on warm food, one fourth of the chance of recovery is given to the 
animal that is supplied with food. In the human subject warm milk, to 
which a little lime-water has been added, is the best food. Milk is very easily 
administered mechanically, and it should bo administered in the proportion 
of half a pint every two hours*. 

4. The fourth point to remember is to sustain the breathing ; in the 
inferior animals the question of life or death can be made to turn on this 
pivot. But the artificial respiration must be carried out with great gentle- 
ness ; it must not be done by vehement movements of the body or compres- 
sions of the chest, but by the simple process of inflating the lungs by means 
of small bellows, through the nostrils. I have devised, in the course of the 
researches conducted chiefly for the Association, various instruments for 
artificial respiration, viz. a small double-acting bellows, a small syringe, and 
a double-acting india-rubber pocket-bellows ; but I have lately made an ob- 
servation which leads to a simpler method stiU, i, e. 1 merely attach to a 
single hand-beUows a nostril-tube, and gently inflate the lungs, letting tho 
elasticity of tho chest- wall do the work of expiration. A little valve near 
to tho nostril-tube effectually stops all back currents from the lungs into 
the bellows. For tho human subject, five charges of air from tho bellows 
should bo given at intervals of five seconds apartf. 

There is another subject of public interest connected with the employ- 
ment of chloral hydrate. I refer to tho increasing habitual use of it as a 
narcotic. As there aro alcoholic intemperants and opium-eaters, so now 
there are those who, beginning to take chloral hydrate to relievo pain or to 
procure sleep, get into the fixed habit of taking it several times daily and in 
full doses. I would state from this pubhc place, as earnestly and as forcibly 
as I can, that this growing practice is alike injurious to tho mental, the 
moral, and the purely physical organization, and that tho confirmed habit 
of taking chloral hydrate leads inevitably to confirmed disease. Tho diges- 
tion gets impaired , natural tendency to sleep and natural sleep are impaired ; 
the blood is changed in quality, its plastic properties and its capacity for 
oxidation being reduced, the secretions are depraved; and, the nervous system 
losing its regulating, controlling power, the muscles become unsteady, the 
heart irregular and intermittent, and the mind uncertain and irritable. To 
crown tho mischief, in not a few cases already the habitual dose has been the 
last, involuntary or rather unintentional suicide closing the scene. 

I press these facts on public notice not a moment too soon, and I add to 
them the facts, that hydrate of chloral is purely and absolutely a medicine, 
and that whenever its administration is not guided by medical science and 
experience, it ceases to bo a boon, and becomes a curse to mankind. 

^ This question of feeding is applicable to all forms of accidental narcotic poisoning. 
In every such case tho poisoning is a distinct process, and the recovery turns largely on the 
auBtainment of the animal force by supply of food and of external warmth. 

t Dr. Eichardson exhibited the different mstruments described. 

l2 
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Anhydrous Chloral. 

The hydrate of chloral, of which I have treated above, is made from 
another substance, called anhydrous chloral, by the addition to the latter of a 
certain proportion of simple water. Anhydrous chloral was discovered 
by Liebig in 1832, and is formed by the process of passing chlorine through 
absolute alcohol. It is a colourless oily fluid, of specific gravity 1502, at 
64° Eahr. It boils at 93° Cent. (199° Fahr.) ; its composition is C,H CI 3 0, and 
its vapour-density, taking hydrogen as unity, is 73. It dissolves m ether, 
alcohol, and hydride of amyl. 

The vapour of anhydrous chloral is irritating and painful to an extreme 
degree when it is inhaled, and the substance has consequently not attracted 
attention as a subject for physiological study. Having, however, a pure 
specimen of it prepared by Dr. Versmann, I thought it was worth while to 
make a research with it. The results have proved worthy of the trouble ; in 
fact I have rarely derived from so simple an investigation so rich a practical 
result. It would be inferred d that anhydrous chloral in the hquid 

state would be, like its vapour, a powerful irritant to the skin and mucous 
membrane. I soon found, however, that this was not the fact, that I could 
apply the fluid freely to my own skin and to the tongue without injury, and 
that the caustic action is extremely mild, even when the substance is applied 
to a moist surface. If a quarter gram of it (anhydrous chloral) be placed 
upon the skin of the frog in a dry atmosphere, there is a rather quick ab- 
sorption, followed by the formation of a white film of the hydrate of chloral 
beneath the skin, which film soon disappears by absorption, the symptoms 
fbUowing the absorption being the specific narcotic symptoms of chloral 
hydrate. The animal soon falls into a deep sleep with complete muscular 
exhaustion. 

If in higher animals, birds and rabbits, anhydrous chloral be injected sub- 
cutaneously, the same phenomena are indicated, the quantities for producing 
the specific effects being the same as are required for the hydrate. 

It IS clear from these observations that anhydrous chloral, when brought 
into contact with the exposed surfaces of the body, abstracts water from the 
part with which it is in contact, becomes converted into the hydrate, and is 
directly absorbed into the body, producing the same symptoms as the pre- 
pared hydrate produces when it is introduced into the organism. 

As anhydrous chloral is soluble in amyl hydride, ether, and many other 
volatile fluids, I tried whether any of it could be earned over with the vapour 
of amyl hydride, and whether, if it were administered in this way, it would 
produce prolonged narcotism by being transformed into the hydrate in the 
lungs and taken up into the blood. 

The result of the experiment was to show that in frogs, guineapigs, and 
pigeons general narcotism can bo so induced, and that the narcotism is pro- 
longed far beyond what follows from the simple inhalation of amyl hydride, 
But I observed that when the solution used contained so little as twenty 
minims of anhydrous chloral to an ounce of the hydride, the vapour given off 
was irritating to breathe ; and when I breathed it myself I found it caused dry- 
ness of the throat and a sense of constriction, which lasted several minutes. A 
weaker solution than that named is too slow in its action, and I therefore can 
hardly at this moment recommend that anhydrous chloral should be ad- 
ministered by inhalation. It is possible, nevertheless, that in course of time 
the agent may bo found serviceable when administered in the manner de- 
scribed, It 18 probable that much smaller quantities, administered for a much 



PHYSIOLOGICAL ACTION OF ORGANIC CHEMICAL COMPOUNDS. 149 


longer time, would be serviceable in sustaining a slight narcotism. It is pro- 
bable that in some chronic diseases of the throat or bronchial passages, where 
the effect of a local narcotic would be desirable, this mode of practice may- 
find favour from its success. Again, it may be that in disease of the lungs 
themselves, where there is loss of structure (cavity), anhydrous chloral may be 
inhaled in minute quantities with advantage. I name these points in order 
to call the attention of fellow physicians to the mode of administration I 
have ventured to suggest. 

Connected also with anhydrous chloral is another reasonable suggestion ; 
I mean the plan of applying tho agent as a narcotic caustic to unnatural 
growths and ulcerating fungoid surfaces. I find that by applying the fluid 
to my arm freely there is destruction of the epidermis (scarf skin), so that 
without any pain tho epidermis peels off, almost diy’, at the point where tho 
fluid has been placed ; and that when on this exposed surface some of tho 
fluid IS applied, tho true skin is in turn affected, so that in a day or two 
what the ancients called an issue may be developed, the tissues destroyed 
coming away in tho form of scales. Tho surgeon will at once see tho prac- 
tical utility of an agent possessing these properties, and he may in some 
instances subcutaneously inject the fluid if tho outward employment of it be 
too slow. 

It 18 a very curious experiment to subject freshly drawn blood to anhy- 
drous chloral, and to obseiwo microscopically the changes that ensue. The 
action of tho chloral is to extract water both from the liquor sanguinis and 
tho corpuscles, and to form crystalline chloral hydrate. Into this formation 
the shrinking coipusclcs sink, while the fibnne remains fiee from precipi- 
tation , but if water be added, so as to dissolve and remove tho hydrate that 
has been formed, the corpuscles are to some extent restored, and the fibnne 
coagulates and separates in the usual way, 

Hetachloral, 

Under favouring conditions anhydrous chloral is converted into an in- 
soluble substance, to which the name of “ metachloral ” has been applied. 
The change sometimes occurs spontaneously, as it has done in a specimen 
now on the table ; but it is always effected when chloial is brought into 
contact with sulphuric acid. Dr. Yersmann has made for me some beautiful 
specimens of mctachloral by this last-named process. 

Metachloral is a white substance, easily reducible into a fine powder, but 
insoluble in water and in alcohol. It is isomeric with chloral itself, being 
merely different in respect to physical condition. When it is treated with 
an alkah it yields, as chloral docs, an alkaline formate and chloroform. 
These facts led me to ask whether, m the animal body, metachloral would 
undergo decomposition and produce specific narcotic effects , and heic, again, 
a series of results were obtained of great interest. Administered to birds in 
the form of pilule, and to other animals either in the same form or in sus- 
pension in gum emulsion, the metachloral, so insoluble in water, is found to 
undergo solution in the animal secretions, and to produce the same narcotic 
effects as the chloral hydrate, viz. narcotism, muscular prostration, and de- 
crease of animal temperature. 

In the pigeon from ten to fifteen grains are sufficient to take full effect. 
The animal in the course of an hour becomes drowsy, and in an hour and a 
half is in a perfect sleep, from which, nevertheless, it may bo roused, to fall 
back again into sleep with great rapidity ; tho sleep lasts from three to four 
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hours. The temperature of the body undergoes considerable change, falling, 
in the pigeon, fuU five degrees Fahrenheit, and remaining so reduced that a 
period of eight and even nine hours is required for its complete restoration 
to the natural standard. On frogs the effect of metachloral is equally marked. 
A frog weighing ton drachms is fairly narcotized in thirty minutes by a dose 
of a quarter of a grain, tho insensibility contmuing many hours and closely 
simulating death. During tho period of deep insensibility tho muscles re- 
main in the most extreme state of flaccidity, but do not fail to respond to 
tile galvanic stimulus. 

To rabbits comparatively larger doses of metachloral may be administered 
by the mouth without exciting any effect whatever. To a largo rabbit weighing 
eight pounds, ten grains may bo given with absolute freedom from symptoms 
of narcotism , but when tho dose is increased to twenty grams a very distinct 
effect is produced. About one hour following upon the administration tho 
animal sinks into sleep precisely as if he had taken chloral hydrate, and 
passes through all tho stages of narcotism and recovery in tho same way. 

The action of metachloral is full of interest in a physiological point of 
view, and goes far, I think, to sustain Liobreich’s original view of the action 
of chloral hydrate, viz. that the narcotism produced by it is due to the action of 
chloroform hberated within the body. On tins view mctacliloral is first 
changed in tho body, under the influence of alkali, into tho soluble condi- 
tion, after which it passes into the hydrate, and then into alkaline formate 
and chloroform. It is thus slower than the hydrate and slower than the 
anhydrous chloral in its action, but in the end the effects from it are the same. 
Metachloral admits of being employed medicinally ; it may bo combined 
with morphia, qumino, and other alkaloids, and will, I think, be found to 
possess many useful medicinal qualities. 

Bromal Hydrate. 

When bromine is made to act upon chlonne, a substance called bromal is 
the product. It is an oily substance like chloral, and when acted upon by 
alkalies is decomposed into forraiatc of the alkali employed, and into hromo- 
form, tho analogue in the bromine of chloroform in the chlonne series. Tho 
composition of bromal is HBr^O. When it is treated with water a crys- 
talline substance, hromal hydrate, is produced. Tho composition of bromal 
hydrate is C^H Bi\ 0 0 , it is the analogue in tho bromine of the chloral 

hydrate in the chlonne senes. Bromal hydrate has an odour somewhat like 
chloral hydrate; its ciystals are very soluble in water, and it may be ad- 
ministered m solution by the mouth or by hypodermic injection. 

Tory soon after the discovery of tho action of chloral hydrate I commenced 
a research on the physiobgical properties of the bromal hydrate. Two other 
observers also moved in tho same path, and have preceded me in recording 
what they had observed. One of these is Dr. Steinann, of Berlin, the other 
Dr. John Dougall, of Glasgow. In their researches nearly the same class of 
inquiries were instituted as in my own, the same animals were subjected to 
observation, and practically the same results were obtained. 

In order to produce marked effects from bromal hydiato, much smaller 
doses are required than of tho corresponding chloral compound ; five grains 
of tho former are equivalent to ten of the latter. After an efficient dose tho 
symptoms produced resemble in many respects tho symptoms that follow 
chloral; i, e. there is great muscular prostration and a kind of narcotism, at- 
tended, however, with very slight insensibility, except in cases in which the 
dose has been dangerously large. In extreme cases only is there really deep 
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ansesthesia ; in all oases there is sudden and extreme decrease of the animal 
temperature. In birds, rabbits, guineapigs, as well as in the human subject, 
these phenomena are observable. But there are other symptoms belonging 
to bromal hydrate which are pecuhar to it, and which render its practic^ 
utility, according to our present knowledge of it at any rate, doubtful. It is 
intensely irritating ; it causes great difficulty of respiration ; it so suddenly 
and effectually reduces the animal temperature that the accumulation of fluid 
in the bronchial canals, from condensation, is a source of positive danger, 
and altogether its internal employment would be unwise. I agree with 
Drs. Stemann and Dougall as to the mode of its action, and, with them, 
attribute the phenomena to the effects of the bromoform that is hbcrated in 
the body after the dose has been administered ; I agree also with Dougall 
that the cause of death, when the dose is fatal and slow, is due to asphyxia. 
I attribute the asphyxia primarily to the fall of temperature of the body, and 
secondarily to condensation of water in the bronchial passages. 

One condition I have noticed which seems not to have fallen under the 
attention of the learned observers I have named, viz. that in birds a large 
dose of the bromal hydrate may destroy life almost instantaneously by 
an intense convulsion, amounting, in fact, to suddenly developed tetanus. 

The chief interest at this moment attaching to bromal hydrate is the dif- 
feicnce that is seen in its action, in comparison with the action of chloral 
hydrate. It illustrates how a difference of chemical elementary constitution 
and of weight modifies physiological action ; how the heavier bromine in 
combination with carbon, hydrogen, oxygen, and water differs in action 
from chlorine in similar combination. The science of therapeutics will ulti- 
mately rest on these distinctions. 

Nitbite of Amyl. 

At the Meeting of the Association held at Nowcastle-on-Tyno in 1863, 1 
introduced this curious and potent substance to the notice of tho Association, 
and explained, as best I could, its history and its physiological properties. 
Every year since then some new fact of interest has attached to tho sub- 
stance, and tho immediate past year is not different in this respect from 
those that have pieccded it. The first observer of tho action of nitrite of 
amyl on tho animal functions was Professor Guthrie, E.B S., then of Edin- 
burgh, and now of the School of Mines, London. Professor Guthrie observed, 
while working in tho laboratoiy with mtrite of amyl, that the inhalation of 
its vapour produced flushing of tho face, rapid action of the heart, a peculiar 
breathlessness, such as occurs after fast running, and disturbance of cerebral 
action. These facts, most ably described by the Professor, became known 
to Mr. Morison, a dentist in Edinburgh, who thought from them that the 
substance might bo made of service for the treatment of persons who wore 
suffering from faintness. Ho therefore brought some of tho compound to 
the College of Dentists, a Society then existing in London, and the Counpil 
of that institution referred the whole subject to me, with a request that I 
would report to them. The task was readily undertaken, and tho study con- 
nected with it has not been completed at this hour. 

I take tho liberty of mentioning these details for the sake of historical 
accuracy. From the circumstance that I have introduced nitrite of amyl 
greatly into medical practice, and have been year after year treating of its 
action, it has been all but universally believed that I made the earliest 
observations upon it; I would correct this error : I have worked industriously 
with nitrite of amyl, have studied carefully its mode of action, and have sug- 
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gested many new applications of it ; but the credit of the earliest observa- 
tions, as I stated at Newcastle, belongs strictly to Professor Guthrie. 

It will be remembered by some that in one of my early papers on nitrite 
of amyl I pointed out that the effects observed were clearly due to an in- 
duced paralysis of the vascular system, of the terminal part of that system, 
and that the heart passed into vehement motion, not, as I at first had thought, 
because it was excited by the agent, but because the resistance to its action 
being removed, it ran down hke a clock in which the resistance to the 
spring is broken by the removing of the pendulum or the pallets. I 
further explained that the seeming over-action produced by the nitrite was 
in truth no evidence of power or tension of muscle, but that in truth, under 
the influence of the nitrite, the muscular system is brought into extreme 
relaxation, so that the substance might be used as a remedy for the relief 
even of tetanic spasm. These views have been sustained by later observa- 
tion. It remained, however, still to discover how far the relaxation of ves- 
sels from nitnto of amyl extended to the functions of special organs of the 
body ; and during the present year I have followed up this line of research 
in respect to the changes producible by it in the pulmonary organs, the lungs. 
The study has been most fiuitful, and will, I think, as it is followed up, open 
quite a new field of accurate and sound observation as to the mode in which 
many diseases of the lungs take their origin. 

As there may bo many here who are not conversant with the nature and 
properties of nitrite of amyl, I may say briefly, in respect to it, that it is an 
amber-coloured fluid, having the odour of iipe pears, and, although requiring 
a high temperature for ebullition, volatilizing very readily on exposure to 
the air. 

When taken into the body nitrite of amyl produces intense flushing of the 
face, throbbing and sensation of fulness in the head, rapid action of the heart, 
and in time a sense of breathless exhaustion. In my previous Koports I 
have entered at length into details of its action, of which the following is a 
summary. 

The nitrite, though insoluble in water, will enter the body and produce 
its specific action by any channel of the body, by the cellular tissue, stomach, 
blood. It produces general muscular paralysis, affecting directly or indirectly 
all the motor centres. 

It exerts no primary action on the sensory centres, and thcrcfoio does not 
produce ansesthesia. 

Its paralyzing action seems first to bo directed to the oiganic nervous 
centres, by which the vascular tension is reduced. It acts, in fact, after the 
manner of an emotional shock, leading quickly to paralysis of the minuto 
vessels. 

It prevents oxidation by its presence, and possesses distinct antiseptic 
powers. It produces a peculiar tarry condition of the blood, but does not 
materially impede coagulation. 

It neutralizes the tetanic action of strychnia, and removes tetanic spasm. 

On reviewing these inferences of former years, as thus detailed, I see no 
occasion to change one of them ; indeed I believe they have, on the whole, 
all been confirmed by other observers. The admirable expeiiments of Dr. 
Brunton on the action of the nitnte on vascular tension call for special re- 
cognition. There is, however, one observation in my Deport of 1864 I would 
hke to correct. Speaking at that time of the action of the nitrite on the 
muscles, I remarked that it first excites the muscular system, and then para- 
lyzes it. I am in doubt now whether the muscular excitement of which I 
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spoke in 1864 is a true excitement due to the influence excited by the agent 
on the motor centres, I think, from my own sensations, it is rather duo to an 
indirect or mental impression, that it indicates a vehement desire to escape 
from the influence of the agent, like the exeitement of fear or frenzy. 

Let me from these points turn to the observations of the past year. I 
observed long ago, in making dissections of the bodies of animals that had 
died from amyl nitrite, that the condition of the lungs varied much, that 
sometimes the lungs were of milky whiteness, sometimes of leaden hue, 
and again of deep dark red hue. It occurred to mo at last that these differ- 
ences were not accidental, but that they depended upon the mode in which 
the agent destroyed the life of the animal. Thereupon I made direct inquiry 
into this subject, and was led to discover that I could, piactically, modify the 
circulation of the blood, passing over the lung from the right to the left 
heart, as I pleased ; in other words, I learned that the vessels of the lungs 
are influenced by the nitrite in the same manner as the vessels of the skin. 

The observation thus stated led mo naturally a step further. I inquired 
as to results of diflereut temporary lesions that might bo inflicted on the 
pulmonary organs by the intiite, and what extremity of lesion could bo 
recovered from under conditions favourable to recovery. I commenced this 
research in February last, and have carried it on without intermission from 
that time : the results of the labour have been most instructive. 

There are four distinct conditions of lung producible by nitrite of amyl ; 
there may be more, but I know of these : — 

1. If the animal bo destroyed by an overwhelming dose of the agent, so 
that it dies instantly, as it might die fioni syncope, the lungs are left 
absolutely bloodless and of pure whiteness. The light side of the 
heart is in this case paralyzed , but exposed to the air immediately after 
death it often recovers its power of contraction. In this instance the 
death is really by syncope , the nervous paralysis is extended immediately to 
the heart, probably from paralysis of the sympathetic supply, and the right 
ventricle failing to pour out its blood to the lung, the death is so instan- 
taneous that there is no time left for the production of any organic change. 

2. If the death be comparatively slow, if it be preceded by a shoit interval 
of muscular prostration, and if it occur from paralysis of the muscles 
of respiration, then the lungs are left charged with dark tairy blood, 
but they contain air and arc free of congestion. Here the lungs and heart 
have failed together, and the balance of the pulmonary circulation has been 
fairly maintained. 

3. If the effect of the nitrile bo more definitely prolonged, there is pro- 
duced intense general congestion of the pulmonary vascular sjstera, a con- 
gestion so intense that the lungs, full of blood, dark and heavy, will not 
float in water. The cause of death m this instance is progressive neural 
paralysis of the pulmonary vessels ; it is the equivalent of congestion of the 
lungs from long expose to extreme cold. 

4. The above may all be considered as acute changes in the pulmonary 
structures, and the two first-named changes are immediately fatal. The 
last need not be ; as it occurs from prolonged and sustained action of the 
nitrite, in quantities insufficient to kill directly, the effects of sustained con- 
gestion may be traced cut from day to day for many weeks. 

To bo accurate in the observations made on this subject, I constructed a 
glass house or chamber of a capacity of three cubic feet, and so ventilated it 
that the air could bo kept charged with the vapour of the nitrite. In this 
chamber rabbits and guineapigs were housed. They weie carefully fed. 
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supplied with abundance of air, and woU protected from cold. The intro- 
duction of the vapour was so moderated that the same quantity was made 
to undergo diffusion each day. 

The first fact that became well established was, that cold and a low baro- 
metric pressure greatly assisted the action of the vapour, and frequently led 
to sudden death from congestion of lung and accumulation of fluid in the 
bronchial tubes. 

A second fact, of singular interest, was the degree to which recovery from 
extreme congestion of lung would take place, on simply withdrawing the 
animal from the influence of the agent. When the lungs were so obstructed 
that what is called rale from accumulation of mucous fluid in the bronchial 
surface was most marked, there was invariably a rapid recovery on removal 
to fresh and warm air. 

A third fact relating to the lesions induced, beyond mere congestive lesions, 
is also of deep interest. The lesions were primarily all of one kind ; they 
were hccmorrhagic, and consisted of red spots and patches, in which blood 
was effused and coagulated in the connective tissue. The position of the 
hmmorrhago was singular. In throe cases it was only in the extreme point 
of the apices of the lungs ; in four other cases lower portions of lung were 
involved, but in these the apices were the seats also of hiemorrhagic disease. 
It would appear, in fact, as if these points of lung were least resistant to the 
force of the circulation. 

In the animals observed these distinct hccmorrhagic changes were usually 
fatal, so that the further result of the local neural paralysis could not bo 
carried out as could be wished. In two cases, nevertheless, we had other 
results worth recording. 

In one instance there was clearly an oedema of the lung structure ; in 
another the pleural membrane was raised in four or five granulated points, 
round each of which there was effused blood. Dr. Sedgwick, who took tho 
lungs of this animal for careful microscopic inspection, reported to me that 
there were plastic exudations in various parts of both lungs, and that the 
granulations of which I have spoken consisted of effused plasma beneath 
the pleura. 

I am well content to leave these observations as I have written them 
above, with but two observations more. It has been suggested by an 
accomplished and acute English physician, Er. Eadc, of Norwich, that 
pulmonary consumption may bo primarily due to pulmonary vascular para- 
lysis. My experiments do not enable mo at this stage to endorse Dr. 
Eade’s hypothesis as to tho primary origin of consumption, but certainly 
they indicate to what extent nervous deficiency will go in favouring tho 
haemorrhages, congestions, and exudations which attend tubercular disease. 

Tho concluding observation this year with nitnte of amyl relates to tho 
fact that the nitrite atmosphere, when it is not too much charged with 
tho vapour, excits a certain curative effect. Three rabbits were brought to 
mo with a skin disease roscmbhng lepra in man. They were emaciated and 
feeble, the fur on the back along the whole length of the spine had been cast 
off, and tho skin was covered over this part with white ashy scales. 

Placing these animals in an atmosphere of nitrite of amyl, I noticed that, as 
the agent took effect, the scaly white skin on the back became red and 
flushed. In a day or two the scales disappeared, the fur began to extend, 
and the general health to improve. In a month all the animals had entirely 
recovered. 

There are many loQE^l conditions of disease in man and other animals in 
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wWch the essenco of cure lies in reestablishing a good capillary circulation. 
It may he, therefore, that by administering the nitrite of amyl, or the other 
organic nitrites, secundum artem, wo may make them further agents in the 
cure of disease, and thereby add another progress to physiological as distin- 
guished from empirical medicine. 

Nitrate op Etuyl. 

In one of my previous Eoports I touched incidentally on certain of the 
nitrates of the organic series of compounds. These substances differ from 
the nitrites simply in that they contain an additional equivalent of oxygen. 
It is a very interesting study to follow the difference of physiological action 
upon so simple a change of chemical constitution , and this year I studied 
once more this difference from two of the representatives of the nitrate 
series, viz. from nitrate of ethyl and nitrate of amyl. 

Nitrate of ethyl, to which I first refer, is a fluid, almost colourless, and 
yielding an agreeable odorous vapour. It has a specific gravity of 1*112, a 
boiling-point of 85° C. (185° F.), and a vapour-density of 46. Its composi- 
tion is Cj NO_,. It IS made by dropping 10 gims. of absolute alcohol into 
20 grms. of colourless concentrate nitric acid in a platinum vessel surrounded 
by a freezing-mixture. Mr. Ernest Chapman was kind enough to make mo 
a fine specimen of this nitrate, with which my experiments have been con- 
ducted. 

Nitrate of ethyl was used in experiment, physiologically, in 1848, by the late 
distinguished Professor of Midwifery in the University of Edinburgh, Sir 
James Simpson. Sir James considered that it possessed some ancesthetic 
properties. It has for many years, I may say centuries, also been used in 
medicine, in combination with alcohol, under the name of nitnc other, and 
so employed has been considered valuable for its diuretic properties. 

I find, on using it in the undiluted form, that it may be introduced into the 
system either by inhalation, by hypodermic injection, or by the stomach, and 
that the effects which follow its administration in largo doses are closely analo- 
gous to those induced by nitrite of amyl, i, e. it produces rapid action of the 
heart, some pulsation of the vessels of the head, flushing of the face, and 
muscular prostration. In the strict sense of the word, it is not an ancesthetic j 
when administeicd in an extreme dose, there is no evidence of insensibility, 
until death is imminent. In all cases the motor force is overcome com- 
pletely long before the sensory organs are influenced. The paralysis of the 
vessels is slower than from nitiito of amyl; the danger of using the agent is 
consequently much less ; and as the effects are more prolonged, the substance 
becomes very manageable in medical practice. 

When the administration of the nitrate is carried up to death, the con- 
dition induced in all the vascular organs is an intense congestion. In 
this congestion the lungs and the kidneys specially share ; and I think there 
is no doubt that the well known diuretic action of the substance is due 
altogether to the paralysis of the renal vessels it produces. It alters much 
less than the nitrites the colour of the blood, interferes in no way with the 
process of coagulation, and is climmated rapidly from the body both by the 
lungs and the kidneys. Administered to the production of complete prostra- 
tion, it reduces the animal temperature in a definite degree. In pigeons the 
temperature goes down five and even six degrees, in rabbits three degrees, 
and in guinoapigs fiom two to three degrees. Like the nitrites, nitrate of 
ethyl reduces the tetanic spasm of strychnia ; and I would suggest that in 
tetanus, and other acute diseases of spasmodic character, it might be used 
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with great advantage; but it must be given for this purpose in very different 
proportions to those in which it is now commonly prescribed. The best 
plan would be to administer it by inhalation until a decided influence over 
the motor action is manifested. In pharmacy it would be convenient to 
keep the nitrite in the pure and simple state, leaving the dilution of it, in 
alcohol, to the judgment of the physician. 

Nitrate of Amyl. 

Nitrate of amyl, C, NO^, is a pale amber-coloured fluid, of not very 
agreeable odour. It has a specific gravity of 0 992, a boiling-point of 138° C. 
(280° r.), and a vapour- density of 66°. It is made by acting with strong 
nitric acid, 30 grms , on urea nitrate, 10 grms., adding afterwards 40 grms. 
of pure amylic alcohol. I am again indebted to Mr. Ernest Chapman for 
a specimen of nitrate of amyl, freed as far as possible from nitrate of butyl, 
from all trace of which it can with difiiculty be separated. 

In the nitrate of amyl wo have a substance differing chemically from 
nitrite of amyl in having an additional equivalent of oxygen, and differing 
physically in that it is heavier and of higher boiling-point. It enters the 
body readily by all channels, and in its general effects it agrees with the 
nitrite, except that a longer time is required for the development of sym- 
ptoms from it, and a longer time is demanded for the process of recoveiy from 
its influence. The quantity necessary to produce decisive results is the same 
as with the nitrite ; but riio nitrate is not so pleasant a substance to admi- 
nister, and when administered by inhalation is not so conveniently applied. 
Whether the nitrate of amyl has any real advantages over the nitrito is a 
question on which I would prefer not to speak at length, until huger oppor- 
tunities than I have yet had of proving it have been afforded mo. 

SULPHO-UBEA. 

In my last Report I treated on the physiological properties of certain of 
the organic sulphur compounds, viz. sulphur alcohol, mercaptan, and sulphide 
of ethyl. Recently a very curious and interesting sulphur compound has 
come before me for expeiiment ; I mean a crystalline substance known by 
the name of sulpho-urea. Sulpho-urea was first made, I believe, by Prof. 
Reynolds, and it has since been produced in London, in Dr. Thudichum’s 
laboratory, by Mr. Charles Stewart, to whom I anl indebted for the speci- 
mens with which I have conducted my researches Unfortunately the 
manufacture is difficult, owing to the necessity for many recystallizations, so 
that I have only been able to work with six drachms ; but the results, as 
far as they go, deserve notice. Mr. Stewart has kindly given me the fol- 
lowing note in regard to^tho preparation of sulpho-urea . — 

“ About a kilogram of pure ammonium sulphocyanate is dried at 100° C., 
powdered, and dried again. Slight loss by sublimation occurs. When per- 
fectly dry, it is heated gradually by a paraffin bath to 170° C., and maintained 
at that temperature for two hours. The mass is then allow'ed to cool to 
110° C., treated with one and a half times its bulk of boiling water, decanted 
from a small quantity of black matter (it is impossible to filter it, as it de- 
stroys paper filters), and set aside to ciystalhze. The crystals are long, fibrous, 
satiny needles ; they are drained, pressed strongly in Hessian cloth, and 
purified by recrystallization from water. The product is then dissolved in 
boiling alcohol, filtered from a \iii\o ammonium sw^7i«^gwdiich remains undis- 
solvcd, and set aside to crystallize. Two more crystallizations from alcohol 
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render it practically free from sulphocyanato. The crystals from alcohol are 
hard, opaque, white prisms : from water they are long, fibrous, silky needles. 
Both forms are anhydrous.” I present specimens of both varieties. 

“ From the mother liquors more of the urea may bo recovered by the same 
process. The last mother liquors, containing mainly sulphur urea, but also 
much sulphocyanide, may be evaporated down, and heated again to 170°, as 
above, with fresh sulphocyanide of ammonium, to furnish more urea.” 

Sulpho-uroa is much less soluble in water than ordinary urea, requiiing 
twice its own weight, at 60° F., for solution. It has a saline bitter taste, 
compared by some to the taste of magnesian sulphate. It dififers simply from 
ordinary urea in that in it sulphur replaces oxygen. 


Urea. Sulpho-urea. 



In order to determine the difference of action of the two ureas, a series of 
comparative experiments were carried out. The results may be thus epito- 
mized : — 

On frogs and rabbits sulpho-urea differs materially from common urea in 
its action, z. e. when used in the same quantities. The first produces definite 
convulsive action, with coma and convulsion ; the second produces, in frogs, 
coma without convulsion, and in rabbits nothing more than a slight and gentle 
soporific condition, Avhich lasts for a very short time, and can be broken at 
any moment by the simple act of moving or calling out to the animal. 

In frogs sulpho-urea induces the saline cataract, common urea does not. 

To produce any decided physiological effect with sulpho-urea, the proportion 
used must not be less than thirty grains to the pound weight of the animal. 
In three experiments in wluch it was administered to young rabbits, to the 
extent of producing slight soporific effects, it reduced the animal tempera- 
ture two degrees Fahrenheit within the interval of an hour. 

The impression I have gathered in respect of sulpho-urea is, that it is a 
saline narcotic, and as such it may prove of use in medicine , but the great 
point of physiological interest in connexion with it lies in the difference 
indicated, by its means, between the action of oxygen and sulphur in com- 
bination with the same elements, C, N, H, in the same form. The difference 
may be due to the difference of weight, or it may bo due to difference of solu- 
bility ; the elements, oxygen and sulphur, producing the distinction by virtue 
of their physical qualities of weight or solubility ; or it may be due to the 
special qualities of the elements. I offer these thoughts as again bearing upon 
the general question of chemical composition in relation to the physiological 
action of chemical substances. 

CnLOE-ETHYLlDENE — MOXOCULORURETTED CnLORlDE OE EtHYLE. 

In the year 1852 Dr. John Snow introduced as an anaesthetic the mono- 
chlorurcttcd chloride of cthyle. He administered the vapour of this substance 
many times to the infciior animals and to the human subject, and he came 
to the conclusion that the vapour was equivalent in value to chloroform, and 
had an advantage over chloroform, viz. that it rarely if ever produced vomit- 
ing ; it did not usually excite the stomach, he observed, even if it were ad- 
ministered after food. In 1870 the distinguished Liebreich, who evidently 
was not aware of Snow’s research, reintroduced this ansesthetic under the 
name of chlor-ethylidene. Chlor-ethylidene yields a sweet etherial vapour. 
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less pungent than vapour of chloroform, but still pungent ; the vapour burns 
in air. The specific gravity of the fluid is 1*174, the vapour-density 49, the 
boiling-point 64° C. (149° F.), The composition is Cjj Cl^. It differs 
from Dutch liquid, which in other respects it resembles, in not being de- 
composed by an alcoholic solution of potassa (Snow). 

I had already seen chlor-ethylideno in use in 1862, and had added Snow’s 
memoir upon it (during the writing of which, by the way, ho was taken with 
his fatal seizure) in my edition of his works on anaesthesia, published in 
1858 ; but since the subject has come up again I have travelled once more 
over the same ground. I obtained a specimen of chlor-ethyhdene, adminis- 
tered it several times for the production of anaesthesia, and am bound to say 
of it that it IS a very good anaesthetic It resembles bichloride of methylene 
very much in its action, produces vomiting as rarely, but is less rapid than 
the bichloride, being of higher boihng-pomt and yielding a heavier vapour. 

On inferior animals I find that when carried to extremity it arrests the 
respiration before it arrests the action of the heart ; and I also find that 
recovery from its oxtromest effects is comparatively easy. In one of my 
lectures during the past winter session I icstored life in a rabbit, by careful 
artificial respiration, seven minutes and a half after all signs of natural re- 
spiration had been abolished by the vapour of chlor-ethylideno. 

I would give to chlor-ethyhdene a prominent place amongst anoesthetics. 
It would take the place of either chloroform or bichloride of methylene 
efiiciently ; it is safer than chloroform, and excites vomiting loss frequently ; 
it is less rapid in action than methylene bichlondc, not more effective, and 
possesses, I think, about the same value in matter of safety. 

Hydramyle. 

At the Meeting of the Association at Exeter I placed before this Section a 
fluid called hydnde of amyl. The fluid had a specific gravity of ’G25, and it 
boiled at 80° C. (86° F.). Its composition was stated to be Cj II. I de- 
scribed then that this vapour was a quickly acting ana38thotic. 

During the present year I have experimented largely again with this 
hydride, with the view of rendering it applicable for the production of rapid 
anaesthetic sleep, for short operations, such as extraction of teotli. In 
this research I found one or two difficulties in the way. The fluid was 
too light to be manageable on every occasion ; that is to say, it escaped 
from the inhaler, as a gas, by the mere warmth of the breath, and the vapour 
had also an odour which to the majority of persons was objectionable. 

I set to work to obviate these difficulties, first by slightly weighting the 
fluid, and secondly by making an inhaler that should more effectually restrain 
the liquid as it was undergoing evaporation. In both attempts I have suc- 
ceeded well. _ 

In making good bichloride of methylene we put finely pulverized zinc into 
a retort and pour upon it absolute alcohol and chloroform, using afterwards 
a heat not exceeding 120° F., in order to distil over the product. I modified 
this process by diluting the mixture of chloroform and alcohol with eight times 
the volume of hydride of amyl. This mixture is poured upoq the zinc, 
with the result of an instant vehement action without any application of 
heat; after a free evolution of gas, which lasts some minutes, there dis- 
tils by this method a fluid which contains pure hydnde of amyl and pure 
bichloride of methylene. If the distillation be earned on at 98° F., the fluid 
that comes over has the specific gravity of ordinary ether (*720), a most 
agreeable odour, and rapid ansesthetic action. I have now administered this 
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fluid, in vapour, forty-six times for short operations on the human subject, 
and in the average of cases have produced the required insensibility within 
fifty seconds. In one instance insensibility was produced, a firm tooth was 
extracted, and perfect recovery occurred in forty seconds. As yet there has 
neither been vomiting nor other untoward symptom during the adminis- 
tration. 

There is, however, a peculiarity in the action of this vapour to which 1 
ought carefully to refer, viz. that insensibility from it intensifies after the 
inhalation of it is withdrawn. Thus in administering, whenever there is the 
least indication of its effects, such as winking of the eyelids or drop of the 
hand, the sign is given to stop the administration. The operator may now 
wait a few seconds and then proceed. The inhaler I have constructed for 
the administration of this new anscsthctic is before the Meeting. It is a simple 
hollow cone made of leather, and is furnished with two light silken valves 
for entrance of air and exit of vapour and breath. It is lined with domette 
set on a light frame or nng of metal. When the inhaler is not in use it 
forms a case for holding safely, m a bottle, four fluid-ounces of the anmsthetic 
liquid. This quantity is sufficient for twenty operations, of from one and a 
half to three minutes’ duration, two drachms being the amount necessary 
for an operation not exceeding three minutes’ duration. 

The vapour described above will become, I believe, should experience 
confirm its safety, of general application as an anccsthctic for short opera- 
tions ; for long operations it will probably not replace the hcaviei anaesthetics. 
I am indebted to Mr. Ernest Chapman for the suggestion of the abbreviated 
name hydramylo. 


PHYSIOLOGICAL NOTES. 

In the course of the researches detailed in the preceding pages I have again, 
as in previous researches, been led to notice certain simjile facts which lie in 
the path of inquiry, and which, though not necessarily belonging to it, are 
too jirorainent to bo passed by without notice. I shall therefore offer a few 
notes bearing on three topics ;] and this the more readily, because it is rarely 
the case that so many eminent physiologists as are now present, each one 
interested in the subjects to be named, meet together to take part in dis- 
cussion. 

Effect of some Narcotic Vafours on tue minute circulation op the Blood. 

I have taken occasion several times to observe the effect of narcotic vapours 
on the minute circulation of the blood. I prefer to use the term “ minute 
circulation ” because it embraces the minute arterial and venous, as well as 
the capillary circulation. 

In these researches the web of the foot of the frog was selected for obser- 
vation, and I think on the whole with advantage. The following particulars 
were carried out in every case : — 

(a) A large healthy frog was chosen, and one in which the web was very 
clear. (6) The same microscopic power, and that low — the inch or half-inch 
object-glass and A eye-piece (Boss) — was always employed, (c) The tempera- 
ture of the air was kept the same during periods of observation, and the work 
was conducted during the same hours each day, viz. between the hours of 
2 and 6 p.m. (d) The observations were never hurried ; they occupied an 
average of three hours each, and every change of scene in the vessels through 
the various stages of narcotism and of recovery wero carefully and systema- 
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tically noted, (e) The animals were placed for narcotism in the small glass 
chamber now before the Members. The chamber as it is was finally con- 
structed, after many essays, by ray friend Dr. Sedgwick, and it answered 
admirably. The animal was placed, without any restraint, in the chamber ; 
one foot was then gently drawn out on to the stage attached to the 
chamber, and the web was extended over the small glass plate. The 
animal being thus prepared, the web was brought under the microscope and 
the circulation examined, (f) The part of the circulation to bo observed 
was so selected as to include a good view of an artery, a vein, and the 
smaller intermediate capillary vessels. ((/) When the natural condition 
of the circulation was well observed the chamber was closed by the sliding 
cover, and through it the narcotic vapour, the effect of which upon the* 
circulation was to be investigated, was gently passed. The vapour was driven 
over with hand-bellows from a small Junker’s apparatus, manufactured by 
Messrs. Krohno and Sesemann*. By counting the strokes of the bellows it 
was possible to maintain the same current of vapour at all times, (h) And 
lastly, the web was sustained in the same condition of moisture, so as to pre- 
vent errors of observation due to evaporation from the tissues. 

Such were the precautions taken ; and I am inclined to think they were 
sufficient, although it will be a great satisfaction to me and an aid m my future 
labours to hear of any amendments or additions that may be suggested. 
The narcotic vapours used m the research were hydramyle, chloroform, bi- 
chloride of methylene, and absolute ether. In some particulars these acted 
precisely in a similar way, in other particulars they acted in a way more or 
less peculiar to themselves 

The first fict I would notice as common to the action of all the vapours 
used IS, that no obvious change in the physical chaiactcis of the blood-cor- 
puscles, red or white, was ever observable , neither was there any noticeable 
difference in the relationships of the red and white corpuscles to each other. 
The red corpuscles held their ways so long as there was motion in the centre 
of the blood- streams, while the white ones roUed along by the sides of vessels 
in the same manner as they did before the narcotism. 

Another fact common to the action of all the vapours used was, that the 
first sign of arrested movement of the circulation commenced in every case 
on the venous side of the circulation, and consisted of a sort of pulsation or 
to-and-fro movement of the current through the vein ; soon upon this the 
venous current became obviously slower and the vein dilated, while the 
arterial current remained, often for a long time, unchanged. 

In every case the minute circulation remained long in force after the 
respiration had entirely ceased, and after all evidence of the continuance of 
life had entirely ceased. On the average the animals ceased to breathe for 
one hour and thirty mmutes after the deep narcotism had set in ; yet all the 
while the minute circulation was still playing with more or less of efficiency, 
and so long as it continued the chances of recovery were nearly certain. The 
cessation of the minute circulation was, on the other hand, the sign and proof 
of irrevocable death. 

There was still another effect common to all the narcotics used. The cir- 
culation through the capillaries often stopped altogether, and for considerable 
intervals of time, when the reduction of the circulatory power was greatest. 
Under this condition the circulation, such as it was, was maintained by the 
arteries, in which the blood moved to and fro with occasional slow steady 

* Dr Richardson bore fitted up the apparatus, including small cliamber, hand-bellows, 
and Junker’s bottle, and showed the memod by which it was worked. 
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onward movements. In the veins, too, there were now and then short move- 
ments, first as of impulse towards the heart, and then of retreat backwards , 
these movements in the veins were succeeded invariably by an increased and 
more perfect action of the artenes. During this state the capillaries may bo 
said to have become almost indistinct, that is to say, no movement of cor- 
puscles througli them, into the veins, indicated their course ; as channels the}’’ 
were left empty and transparent, and the return of the corpuscular current 
through them was at all times pi oof of the speedy ictinii of the activity 
of life. 

The changes named above were common to the action of all the narcotics 
named ; but there were some striking changes peculiar to the substances 
themselves to which I must refer. The peculiarities were traceable, as it 
seems to me, to the weight, the solubility, and the chemical composition of 
the substance that was employed to produce the narcotic state. 

When the substance was veiy light, of low boilmg-poiiit, and insoluble, 
the cth'ct of ariest of the circulation was most rapidly developed, and at the 
same time was most rapidly removed. Thus hydiamyle, the lightest, the first 
to boil on elevation of tcmpciature, and the most insoluble, produced the 
quickest ariest of tlie venous ciiiient , but from its iiifiiiencc the animal was 
equally quick to recover, the gcncial signs of recovery being secondary to 
the local return of the circulation. 

When the substance was light and of low boiling-point, but com para tiv^ely 
soluble ill blood, the time rcquiicd to piodiice the slowing of the venous cir- 
culation was prolonged aftci the insensibility of the animal was complete ; 
after even respiration had stopped, the extreme changes in the circulation 
were sloiv ly developed ; and although the insensibility might bo deep and 
continuous, like to death itself, the actual temporary ariest of the arteiiai 
current was impeifectly pioiiounced. Absolute ethei, v\hich has a very low 
specific weight (720) and a vciy lowboihng-pomt (94^ P.), but which is solu- 
ble m blood to the extent of not less than elevTii paits in tlio hundred, pro- 
duced perfectly all the eftects immediately named above. When the substance 
inhaled was compaiatively heavier, of a highci boiling-point, insoluble, and 
contained as one of its elements an iiiitant, there v\ as mtioduced a new 
phase, that is to say, the arteiial vessels, as the animal came iindei the in- 
fluence of the narcotic, were reduced in calibie. The changes of tlie circula- 
tion in this case were first maikcd in the retaidation of the blood thiough 
the v’ems, then the vein increased in diameter, and theie wcio signs of 
regurgitation of its blood; these indications weie followed by what may 
bo called iricgular movements in the capillaries, and by icduction of calibre 
of the artenes. It was observed, nevertheless, that the narrowing of the 
arterial vessels, though well maiked, was never so extreme as to prevent mo- 
tion of blood in them, that is to say, the degree of ai tonal contraction was 
limited. I consider this to be due to the ciicurastance that the animal had 
always ceased to bicathe, and the further absoiption of the narcotic vapour 
had consequently also ceased, by the time that the action of the vapour upon 
the arterial vessels was developed. 

During the period when the si/o of the arterial vessel was reduced, the 
motion of the blood in the capillary vessels fed by the artcnal supply was 
modified; the blood flowing through the capillary channels moved less 
steadily, and was forced, if I may so express the fact, in pushes, as if there 
were intervals of relaxation of the aiterial vessels during which the resis- 
tance to the impelling power of the hcait slightly and slowly }ielded. 
After a time the circulation of the blood through the arteiy became sloiver, 
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the capillaries were left empty, the venous current ceased, and the condition 
of temporary suspension of all circulation, except slowly, in the aitcrial 
supervened. The effects here named wore well marked from the action of 
the chlorides ; they were soon under the influence of bichloride of methy- 
lene, they were still more definite under chloroform. 

To sum up, if my observations bo correct, tlie action on the systemic circula- 
tion of the narcotic vapours named was seen to bo primarily on the venous cur- 
rent or, I should more correctly say, was primarily manifested in the retar- 
dation of the venous current, secondly in the capillaiy, and finally in the 
artoiial current. JDunng recovery, moreover, the return of a steady onward 
current was manifested in the veins before it was restored in the capillary 
channels. This order of events coincides purely with the order of pheno- 
mena of death under the influence of narcotic vapours, as observed both in 
man and the lower animals. It is, I think, the invariable fact that the right 
side of the heart in such fatal cases is the first to cease its action, and in 
animals, when tlio heart is exposed to the air soon after the death, the light 
side is the fiist to recommence action. Fiom these facts the inference, I 
think, IS clear that the arrest of the circulation begins, during the narcotism, 
in the retardation of the venous current, secondly in the capillary, and 
lastly in the uitciial cm rent. 

The couise of recovery, when recovery takes place, appears to bo preceded 
by some act of relief to the venous column of blood. The motion that re- 
mains in the arteries is not the first to increase, the circulation through the 
capillary is not first manifested ; that which happens, as a distinct sign of 
recoveiy, is a movement onward by the veins ; as this movement improves 
the movement through the arteries impioves, the capillary vessels refill, and 
the circuit of the minute circulation is steadily and perfectly icstorcd. 

ITom these observations on the minute s}stemic ciiculation when the 
body IS under tlie influence of a narcotic vapour of the iiritant class, T infer 
that the changes of circulation obseived do not proceed immediately from an 
action excited by the narcotic vapour upon the extiemo systemic vessels, but 
form an obstruction commencing on the venous side, and in the lesser or 
pulmonary circulation. When a waim-blooded animal is suddenly killed by 
a large dose of the vapour of chloroform, the lungs are invaiiably found 
blanched, the right side of the heait engorged with blood, and the left side 
cm])ty of blood. We see m these conditions that of necessity, in the extreme 
parts of the systemic circulation of the animal, there has been retardation of 
the blood tliioiigh the veins , and we may infer on the fairest, nay complotest, 
evidence that the return of motion, which is seen commencing in the veins in 
the systemic circuit, is due to a returning current in the bieathmg-organs ; 
in other words, the renewal of the active life of the animal recommences in 
passive breathing. The same order of phenomena happens, pieeiscly, duiing 
the recoveiy of a warm-blooded animal, after apparent death fiom chloio- 
form, under the influence of artificial respiration , for so soon ns the animal 
recommences to bicathe, however faintly, its letuiii to life is seemed. 

The position then assumed, that the primary aiiest of the column of blood 
dm mg fatal narcotism is in the lesser circulation, we have to ask Avhetber the 
arrest commences in the heart or in the lungs. The commonly accepted 
view has been that it commences in failure of the right side of the heart ; 
but I incline to think that this view is incorrect, and that the positive source 
of failure is in the perijiheral circulation of the lung. The vapour inhaled 
impresses, I think, immediately the minute circulation, and acts not by 
absorption into the blood, but by simple and instant contact ith the minute 
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pulmonary vessels, so that there is immediate resistance to the passage ot‘ 
blood through them. Three well-observed facts suppor^this opinion . — 1st, 
the fact already dwelt upon, that in cases of rapid death the lungs arc emptied 
of blood ; 2nd, that the arrest of the systemic circulation commences on the 
venous side of the circulation, and is attended with filling of the veins ; 
3rd, that immediately after the death of the animal, if the chest ho opened 
and the heart exposed, the right side of the heart, relieved of pressure, will 
immediately recommence to contract vigorously, showing that it is not itself 
paralyzed, but is restrained from action by mechanical resistance to its column 
of blood. 

If the theory of the action of narcotic vapoiiis thus propounded bo cor- 
rect, we ought to draw from it this practical lesson, that in intioducing 
now narcotic vapours into practice, the utmost care should be taken to select 
those only that are negative in lespect to their action ujion the vessels of the 
minute circulation. A gas or vapour that asjihyxiates hut docs not imitate 
may bo safer than a gas or vapour that docs not asphyxiate and does 
irntate , for the former, when it kills, kills by a secondary process that is 
preceded by a series of symptoms foretelling the danger , Avhile the latter, 
when it kills, kills often by instantly shutting off the column of blood that 
IS making its way to the air, and by so oppicssing the heait that every 
attcmjit at action, under the condition produced, inci cases the injiiiy. 

On Convulsive Movements during Karcotism. 

I have endeavoured to show in the last section that under narcotism from 
certain narcotic vapouis, the vapours of the chloiino scries specially, there 
arc two ordcis of cessation of the circulation, — the one primary, beginning in 
the lesser or pulmonaiy, the other secondary, beginning in the larger or 
systomic circulation. Coincidently with these changes 1 have, 1 think, 
obseivcd, when there has been time foi the dovelojnnciit of the phenomena, 
two distinct series of convulsive movcraeiits or jiaioxysms of convulsion. 
I have noticed the same fact in drowning, and also in fatal sudden haemor- 
rhage, as in the process of killing animals, such as sheep. The phenomena 
may at any time be observed at the abattoir ; they ai e in fact perhaps best 
seen in cases of rapid fatal hiemoirhage ; and I am led to the conclusion that 
they have one common interpretation as to cause, the haimorrhagic convul- 
sions being the purest type of all. The convulsive actions, primary and 
secondary, are due, as it seems to me, to disturbance of the balance of supply 
of blood to the nervous and muscular centres. As a mechanism, the mass of 
nervous matter is the centre of reserved force, while the mass of muscle is 
the moving centre, the two centres being connected by an intervening nervous 
cord, and each supplied with the same blood. The two centres are held in 
counterpoise, as it were, by the blood. If there be, then, any disturbance of 
support in either centre, it will be indicated in change of function in the 
moving centre, in change of motion. 

When we draw blood from the systemic circuit, or when through the 
lesser circulation wo arrest the free current of blood through the systemic 
circuit, we destroy the balance previously existing between the muscidar and 
nervous centres. If we could so exhaust the body that both centres should 
be exhausted together evenly, it is possible that there would be no change of 
motion in the moving centre ; and, indeed, in some cases of disease we see the 
gradual and equal exhaustion without manifestation of the convulsive pheno- 
mena. But in cases of extreme and sudden break of balance, it follows neces- 
sarily that the balance shall be broken unevenly. It is in the muscular system 

K 2 
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that the failure of blood is lii*st felt. The nervous centres, protected from the 
olfects of sudden p^t'ssure by their envelopment of bony btnicturo, feel the 
shock of the exhaustion secondarily. Thus the muscle suffering a reduced 
resistance of blood to the nervous stimulus, contracts as if it had received an 
excess of stimulus, and the phenomenon of primary convulsion is developed ; 
in haemorrhage this convulsion immediately precedes dcliquium or syncope. 
In brief time, the nervous centres themselves becommg exhausted, the con- 
vulsions cease, and none but the muscular movements of the organic life, 
respiration and circulation, remain. These while they last feed still in a 
passive state the nervous centres and muscular ccntics ; and if the cause of 
exhaustion at this stage bo stopped and the body be resupplied with means 
of hfc, lecovery takes place without the necessary return of convulsive ac- 
tion ; but if the exhaustion proceed, then follows the secondary phase, the 
failure of the organic system, and with that a repetition of the phenomenon 
of pnmaiy failuie, viz. a second general convulsion, terminating in death. 

The convulsion of hocmorrliago is, I repeat, the typical foim of tlie condi- 
tions 1 h.ive portrayed , but in deatli from chloroform and similar narco- 
tics, the phenomena are sometimes equally stiiking. The coii\ulsioii and 
rigidity which mark tlic second degree of narcotism indicate the liist 
break of balance between the nervous and the muscular centres; the 
period of the third and fourth degiees of naicotism, duiing which there is 
complete paialysis of voluntary and of conscious power, marks the interval 
when all life is suspended on the organic or vegetative nervous system; the 
final convulsion that piecedes death maiks and pioclaims the moment vhen 
the organic force itself bicaks down, leaving the whole organism motionless 
and, as w© say, dead. 

On Condensation of Water on the Bronchi Surface during Narcotism. 

It has occuircd to me often to observe that tlic physiological action of nar- 
cotic vapours duiing inhalation is gicatly modified by the condition of the 
atraosplieiic an in resjicct to its diyncss and its moistuic. When the atmo- 
sphcie 13 extremely diy, the action of a naicotic vapour is greatly increased, 
and recovery from its (fleets is remarkably easy , on the contiaiy, when the air 
IS satuiated with water vapour tlic action is impeded, and if the air be at the 
same time cold and moist, the process of naicotism is olten gicatly impeded, 
while recovery after it has been cstablislied is piolongcd in propoition. 
But the fact I wish particularly to bung forward is, that when the body of 
an animal becomes profoundly narcotized, and the insensibility is long main- 
tained, duiing conditions in which the air is cold and moist, there occurs not 
unfrcquently an actual condensation of water in the minute bronchial pas- 
sages, whicli condensation leads to as low asphyxia, and, if it be continued, to 
actual death. This accident is best seen in cases of naicotic poisoning from 
hydrate of chloral , it may also be observed after poisoning from opium and 
other narcotics, as well as after long exposure to extreme cold. 

There are two causes at woik to produce the condensation ; the one is the 
obstacle to evaporation of watery matter from the surface of the animal 
membrane into the air ; the other the deficiency of force, in an animal whoso 
general temperature is reduced, to raise the vapour of water fiom the blood, 
and to expel it from the pulmonary organs in the state of vapour. 

Whenever in any case condensation of water, from the causes named, is 
set up, the danger continues in an increasing latio; for the condensation 
tends to shut off the air from contact with the blood, the temperature of the 
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body (dependent always on the perfection of the respirato/y process) decreases, 
and at last the respiratory change is prohibited altogether. 

It IS important m the extremest degree to remember the fact thus named in 
the treatment of cases of poisoning during which the animal heat is reduced. It 
will often turn the scale, in such instances, in favour of return to life, simply 
to place the body in a warm and dry air. 

The fact is also of great luteresl, in a practical and physiological point of 
\iew, in relation to the phenomena of some exhaustive diseases The cold 
sweats that arc seen on the surface of the body in syncope, in the later stages 
of phthisis pulmonalis, and on the approach of death in many diseases, as 
also the chest-rattles, are duo to the cause I have named’above — condensation. 
They aic evidences tliat the body has not sufficient power or foicc to pioduco 
a lapid natuial evaporation of water lioin the exhaling sui faces, 


Report of the Committee appointed to get cut and prepared Sections of 
Mountain-ldimestone Corals for the purpose of showing their struc-^ 
ture by means of Photography. The Committee consists of James 
Thomson, F.G.S., and Professor Harkness, 

In our Popoit of last year wo gave in detail the probable additions to our 
present list of fossil corals from the Mountain Limestone. 

During the p.ist year we have had several hundred specimens cut. 
Although many of these have been more or less spoiled, and their intcinal 
stiucture ciushed and broken to such an extent that tl^ir specilic chaiacteis 
cannot with any degree of certainty bo made out, yet many of them icvcal 
important structuial chai actors which will enable us to add both genera and 
species to those befoic indicated Many of the specimens cut have well- 
preserved calices, which will enable us to figure and dcsciibc both their 
internal structure and external aspect, with a degree of certainty hitherto 
unknown. 

Although much progress has been made, wo are cominced that many othci 
facts will bo revealed by further investigation ; and avc hope the Committee 
will be reappointed in order that wo may continue this impoitant in(|uiry 
We have not added any additional photographic plates to those exhibited^ 
last year at Liveipool. AVe were desirous of getting as large a number of 
specimens cut as the sum at our disposal would peimit, in order that wo 
might select the most characteristic generic forms for further plates. 

At Liverpool we indicated that we were in the hopes of repioducing the 
most delicate structures by another process, which would be more serviceable 
for the purjiose of publication. In this we arc glad to state that we have 
been successful. By a simple process wo arc enabled to transfer the details 
of both genera and species to copper plates, from which any number of 
copies can be reproduced, of which wo will avail oui selves when wc arc ready 
to ])ublish in ertenso. (Two plates so prepared were exhibited ) 

We have placed in the British Museum and the Hunterian Museum of 
Glasgow duplicates of a number of the cut specimens which have already 
been described , other duplicates will bo scut when they have been described 
and named. 



166 


REPORT 1871. 


Second Report of the Committee appointed to consider and report on 
the various Plans proposed for Legislating on the subject of Steam- 
Boiler Explosions, with a view to their Prevention, — the Committee 
consisting o/Sir William Fairbairn, Bart., C.E., LL.D., F.R S., 
John Penn, C.E., F.R S., Frederick J. Bramwell, C.E., Hugh 
Mason, Samuel Rigby, Thomas Schofield, Charles F. Beyer, 
C.E., Thomas Webster, Q C., and Lavington E. Fletcher, C.E. 

Since the first Report on the subject of “ Steam-Boiler Legislation ” was pre- 
sented to the Meeting of the British Association, held last year at Liverpool, 
the Parliamentary Committee ‘‘ appointed to inquire into the cause of Steam- 
Boiler Explosions and the best means of preventing them have presented 
their Report, 

The consideration of the result of the Parliamentary Committee’s inquiry 
clearly becomes one of the most important duties in reporting to the British 
Association on ‘‘ the various plans proposed for legislating on Steam-Boiler 
Explosions, with a view to their Prevention.” Unfortunately, however, the 
Parliamentary Report has been so recently published that there has not been 
time for its due consideration, or for the Committee appointed to treat on 
this subject to meet and confer thereon. Under these circumstances it has 
been thought best not to attcnqit to enter upon the subject on the present 
occasion, but to postpone doing so until next year, after havmg an opportu- 
nity of watching the development of the measure, and its working when 
carried into actual practice ; and therefore, in order tliat they might be in a 
position to report thereon to the next Meeting of the British Association, the 
Committee Mould beg to suggest their leappointment. 


Report of the Comrmttee on the Treatment and Utilization of Sewage.^^ 
Consisting of Richard B. Grantham, C.E., F.G.S. {Chairman), 
Professor D T, Ansted, F R S., Professor W. H. Corfield, M.A., 
MB, J. Bailey Denton, C.E., F.G.S., Dr.W. H. Gilbert, FR S., 
John Thornhill Harrison, C E , Thomas Haw'ksley, C E., F.G.S., 
W. Hope, V.C , Lieut -Col Leach, R.E , Dr AV. Odling, F.R.S , 
Dr. A. VoELCKER, FR S , Professor A W. AAAlli\mson, F.R.S , 
F C.S., and Sir John Lubbock, Bart., M.P , F.R S. (fPreasurer) . 

The Committee, upon its reappointment at Liverpool last September (1870), 
proceeded at once to consider the subjects ivhich seemed to demand imme- 
diate attention in furtherance of the investigation Mdneh had been again 
entrusted to it. 

The first steps taken "Were to endeavour to procure information from the 
towns whcio works have been constructed for the apphcation of sewage to 
land by irrigation, and fioin the places where the dry earth or Moulo’s system 
is in operation. 

In order to commence the inquiry, a list of to^vns was prepared, to each of 
which a printed form of queries was sent , but only eight places have answered 
the circular on irrigation, and only one that relating to the dry-earth process. 
The answeis from the towns have been tabulated, and the Table will be found 
at the end of this Report (Appendix A). 

During tlio construction of the present tanks at Breton’s Farm in the winter, 
very accurate observations could not at all times be made , but nevertheless, 
during tlie extreme frost, samples were taken of the sewage and of the 
effluent water. The temperature of both, and also the temperature of the 



ON THE TEEATMENT AND UTILIZATION OF SEWAGE. 167 

atmospliore, was observed. Similar observations were made at Croydon and 
Norwood (seo Section I.). 

The observations as to the quantity and quality of the sewage and effluent 
water have been continued at Breton’s Farm, with slight interruptions, as 
stated above, from the Meeting of the British Association at Liverpool down 
to the present time. The results of the gaugings are recorded in the Tables 
which will bo found in Section II, of this Ileport. 

The Comniitico has visited sevcial sewage-farms, and examined the various 
methods that are pursued at them with a view to dolerminmg tlio practical 
conditions upon which the success of sewage-farming depends. They have 
had samples of sewage and of effluent water collected, and have had analyses 
made of them, which latter, with the remarks of the Committee, wiU bo found 
in Section III. 

The pho:)pliatc pioccss of Messrs Forbes and Price has been also examined 
by a ]\tember of the Committee, and a dosciiption of the process, with an 
analysis of the effluent water from this process, is given in Section IV. 

Analyses of tiie soil vliich has passed once and twice througli eaitli-closets 
have been fiiinishcd by another Member; and the manner in which this 
process is earned out at Lancaster, with the results attained there, is de- 
scribed in Section V 

All ox which had been fed for the previous 22 montlis entirely on sewago- 
giown produce was slanghteicd on July 15th at Breton’s Farm, and the carcass 
examined by Dr Cobbold and Professors Marshall and Corfield, in the presence 
of several j\lembeis of the Committee, with a view to asceitain the presence or 
absence of Entozoa in any stage of their existence. The results of this exami- 
nation, and Di Cobbold’s report, will bo found appended (Appendix B). 

The attention of the Committee has been drawn to certain anomalies in 
the figures gi\ en in the list of rainfalls iii the ‘‘Tabulation compiled from 
letiiins fill lushed by 200 toiiiis selected for classification,” at the end of last 
year’s llepoil 

On icfiuiing to the original returns, it has been found that the figures 
given ill the T<iblo are coircctly taken from them. 

SncTiON I — A Comjxirtson of Jlesidts ohianied in ilie purification of Selvage at 
ill! ee Irrigation Fauns daring the severe froU of last winter. 

1. Biclon’s Farm, near Bomford. 

The folloAving analyses show the composition of average samidcs of sewage 
and cffliKuit water collected on the faini on January 2nd, each sample was 
made by collecting five portions at different times, and mixing them in pro- 
poition to the flow at the tune. 
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Tho sowago, after passing through the tank and pump, contains more solid 
matters in solution but much less in suspension than tho sewage as it comes 
flora tho town ; tho agitation causes some of tho suspended matter to pass 
into solution ; and it will be noticed that the amount of albuminoid ammonia 
in solution is nearly doubled, showing that a considerable amount of nitro- 
genous organic matter formerly in a state of subpension has been dissolved. 

This sewage is very miicli stronger than tlio aveiago summer sewage, 
which only contains from 2 5 to 4 parts of actual ammonia in 100,000 ; and 
fio 0110 would hardly expect it to be so satisfactorily purified (especially con- 
sidering the extreme frost and tho want of growth) as tho sowago was 
during the summer. 

nevertheless the purification was very satisfactory indeed ; for tho ofllucnt 
water only contained 0 1411 of actual ammonia, instead of 5*628, while tho 
albuminoid ammonia was reduced from 0 524 to 0*059. 

From this we sec that very little nitiogcn passes away in the foim of 
ammonia or of organic nitiogen, oven in winter, when vegetation has least 
to do with the purification. 

Some of it passes away, however, in tho form of nitiates and nitrites ; but 
the amount vhich is thus lost is very little gi cater in tho winter than in tho 
summer, being 1*208 part in ’winter and about 1 106 part in summer in 
100,000 parts. 

Thus it appears that, with an iindcrdraincd soil, the sewage being obliged 
to pass through several toct of soil before it escapes, (1) oxidation goes on in 
winter as well as in summer, and almost all nitrogen lost is lost m an oxidi/cd 
and inoffensive form, and (2) this loss is \eiy slightly gieatei in ■winter vith 
a very strong sewage than in summer with a wealeer one , so that sewaging 
in the winter would appear to entail no extra loss of manure. 

2, Beddington Farm, Croydon. 

Three samples of Croydon sewage, taken fioiii Beddington Fields, 3id Jan- 
uarjg 1871. 

The anaij'ses show that the sowago ai)]4ied to this faim contained on 
Januaiy 3td, 1871, just about the same quantity of .immonia as that applied 
to Breton’s Farm on the day befoic. 
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The effluent water contained 0 744 part of ammonia, or between five and 
six times as much as that at Breton’s Farm ; the albuminoid ammonia was 
less in actual amount in the efiluent water; but the reduction was fiom 0 188 
to 0*045, or to one fourth of tho original amount ; while in the last case it 
was from 0*524 to 0*059, or to between one eighth and ono ninth of tho 
original amount contained in the sewage as j)umped on to tho land. Tho 
nitrates and nitrites in tho effluent water weio iii insignificant amount, thus 
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Bliowing that tho nitrogen that is lost on this farm is lost for the most part 
111 tho form m which it camo on to the land, and that mere surface -action 
(which 18 relied iixion here) is not sufficient to cause tho oxidization of tho 
ammonia and organic matters contained m tho sewage. At tho same time 
tho amount of puiification effected was certainly very coiisidciablo. 

3. Norwood Faim. 

Samples of sewage and effluent water collected from Noiwood Fields on 
January 5th, 1871. 

Tho sewage cmj)loycd on this farm was vciy strong, containing as much 
as 7’42 parts of ammonia in the 100,000. 
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It will bo seen that inoio than two parts of actual ammonia escaped as 
such in tho effluent "w^atcr, while nearly one fourth of the albuminoid am- 
monia also escaped unaltered. At the same time a considerable amount of 
nitrogen was lost as nitiates and nitrites, showing that a certain amount of 
oxidizing action was going on. 

Thus there was a considerable loss of nitrogen, both in its original forms 
and also as nitrates and nitiitcs. 

It must be remembered that this sewage uas vciy strong, and that m this, 
as m the other two cases, tho samples wcic taken under the most disadvanta- 
geous conditions during a very severe fiost, when groAvth ivas at its minimum. 

Tho purification is in every case very coiipidcrnblc , but these comparative 
results speak volumes m favour of undcrdiaining scAvage-farms, and of so 
obliging ah. the seAvage to pass through tho soil. 

8ome interesting results weio observed as regards tho temperature of the 
BCAvage and effluent Avatcr. 

At Breton’s Farm in tlio winter tho temperature of tho scAvngo Avas 4G°F , 
that of the effluent water 40° F =4° 4 C., a reduction of 5° oi ()° only , Avhilo 
at Beddington Farm the tempciature of the sewage was 42° F., and that of 
the effluent Avatcr 34°F. = 1° 1 C., a reduction of 8°. 

Thus with percolation through the soil the reduction is during the winter 
inuch less than with surface -flow. 

On the other hand, Ave have obserA*ed that sewage is always cooled (see 
Table, Section II.) during the hottest weeks in summer by percolation 
through the soil, and almost ahvays heated (sometimes considerably so) by a 
surface-flow during tho summer. 

These results arc faA’ourable to percolation through the soil as opposed to 
mere surface-flow, both in summer and ai inter. 

Percolation causes a considerable cooling in the summer, while in Avintcr 
it does not cool tho effluent Avater do much as surface-flow docs. 
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Remarks on Results of Oaugings. — The whole of the gaugings taken from 
the 12th of Juno 1870 to the 15th of July 1871 (a period of 399 days) have 
been calculated and tabulated, with the following icsults : — 

2'own Sewage. — The sewage received on the farm from the town of Rom- 
ford during the above period has been 

85,999,445 gallons = 383,926 tons, 

and the number of days on wliich it has been delivered is 373, giving an 
average quantity of 

230,562 gallons = 1029 tons per day. 

This quantity docs not, however, represent the total discharge from the 
town of Romford, because, from the middle of November 1870 to the middle 
of April 1871, the day-sewage only was delivered on to the farm, the night- 
sewago being allowed to run on to the meadows at Wybridgo between tlie 
farm and the town, and for sixteen days in February and Maich the whole 
of the sewage was so disposed of, and there are no means of estimating the 
quantity during this period. 

Respective flow of Day- and Night-sewage. — Since the 15th of April last, 
the new tanks being completed, and the sewage, with a few excc])tions, being 
received continuously on the farm, it has been possible to calculate the le- 
spective flow of sewage during the working hours of the day and during the 
remaining period, and the following are the figures : — 

gallons tons 

Day-sewage (average time 10 hours). . . . 139,153 = 6214 

Night-scwago (average time 14 hours) . . 143,645 =t C4l] 

Total 282,798 = 1202] 

The day-sewage is calculated on the basis of gaugings in the sewer during 
the working hours of the day , the night-sewage is obtained by calculating 
the difference of quantities in the tanks between the times of stopping the 
pump one day and starting the next, allowing for the effluent water entering 
the tanks in the meantime. 

By equalizing the time of day- and night-sewage (12 hours each) and 
computing the quantities on the basis of the above figures, the following is 
the result: — 



gallons. 

tone. 

Day-sewage, 12 hours . . 

163,329 = 

729 

Night-sewage, 12 hours 

.... 119,469 = 

5331 


282,798 = 

12624 


According to these latter figures the night-sewage would be to the day as 
79 to 100, or the day to the night as 137 to 100. 

It should be borne in mind that the night-sewage of Romford fluctuates 
very much, owing to the Brewery frequently sending down a largo quantity 
of water after ivorkiiig hours ; this is especially the case on Saturday nights, 
as a reference to the detailed records will show. 

Dilated Sewage pumped . — The diluted sewage pumped includes, as was 
explained in the last Report, a certain amount of effluent water, which flows 
into the tanks, and is there mixed with the sewage as it comes from the town. 
The engine has worked 366 days during the above period ; the average time 
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of worlcing since April 16th was 10 hours per diem. The total quantity 
pumped has been 

gallons tons. 

96,944,653 = 432,788 

Average per diem . . . 264,876 = 1,182 

Effluent Water (hscJtcou/ed — Owing to floods at the outlets of the pi 2 )es, 
the quantities of etfluciit water discharged could not always bo gauged. On 
the 343 days during which the observations could bo taken, 

30,449,178 gaUons = 176,112 tons 

were discharged, being 

115,012 gallons =513] tons 2 >er day. 

Assuming this to be the average quantity for the whole peiiod, the total 
quantity in tercejitcd fiom the lower subsoil and discharged Ihrough the pipes 
would bo 

45,880,788 gallons =204,865 tons, 

or 47 3 jier cent, of the sewage jnimpcd 

Eainfall . — The laiiifall at Breton’s during the total period of 399 days 
has been 22'64 inches, or on 121] acres about 62]- million gallons, equal to 
277,900 tons, or 2287 tons per acre 

Temperativ es —It will be seen that the temperatures of sewage and effluent 
water have been very uniform as compared with that of the an, being lower 
during extreme heat and higher duiing extreme cold. Tins was veiy notice- 
able during the scvoic fiost of last i\ inter. In one ■week, when the mean 
noon-day tempcratiiie of the air was 28° 5, that of the sewage received, 
sewage pumped, and effluent W'ater was 43°. The ranges of vaiialioii over 
the total pciiod have been, — 


Atmosphere . . 

O 

28-5 

to 

-a 

0 

= 47 5 

Toivn-so'wago 

43 


(36 

= 23 

Sewage piimjicd . 

43 


67 

= 24 

Effluent water . , , 

41 

99 

64 

= 23 


A rcmaikablc feature in the recoid of temperatures is the extremely slow 
rate at which the temperature of the effluent wmter fell, and the length of 
time which elapsed before it recovered again. The fust week that the 
average temperature at noon fell below the freczing-jioint was the one ending 
31 st December, w'^hen the average temperature of the air was 28°*5 P., and 
tliat of the effluent wa^er ^as 43° ; and after this, all hough the former rose, 
the latter fell, so that in the week ending Pebruafy 4th the average tempera- 
ture of the air was 36°, and tliat of the effluent water 41°. The next week 
the temperature of the air was 44°, the second week 47°, and the third week 
47°, yet it was not until the third week that the temperature of the effluent 
water recovered to 43°. 

Section III. — («) Observations on the Setvaye-Farm at Tunbi idye Wells. 

Before describing the results of the investigation by the Committee, it is 
desirable to state that, in the selection of the land to be irrigated at Tunbridge 
Wells, it has been a sine qua non condition that it should be at such a level 
that the sewage should reach it by gravitation ; and to this end two farms 
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have boon laid out, one to the north and the other to the south of the town, 
and an outfall sower made to each. 

Undordramage has not been uniformly adopted on both farms ; but whore 
it previously existed, a peculiar arrangement has been made for the reappli- 
cation of the drainage-water. 

The distribution of the sewage is chiefly effected by what is known as the 
catchwater system, which is necessarily, under ordinary conditions, accom- 
panied by an overflow, in preference to its apphcation in smaller quantities, 
sufficient to satisfy the demands of vegetation and to wet the land thoroughly 
without any overflow ; while the absence of storage -reservoirs necessitates 
the continuous application of the sewage to some parts of the land by night 
as well as by day. 

The population of Tunbridge Wells is 19,410. 

The total quantity of sewage discharged is 1,000,000 gallons per 24 hours, 
of which about 400,000 gallons are supplied to the northern farm, and about 
600,000 gallons to the southern one. 

The northern sewage is applied to 123 acres of land, which have cost 
.£21,000, and the southern to 107 acres, which have cost ^27,000. 

To deliver the sewage from the two main outlets of the town to the land, 
culverts or conduits, with precipitating-tanks for the separation of the 
larger portions of the solid matter fiom the liquid, have been constructed in 
a very substantial manner. The delivering-condiiits on the north, extending 
for a length of two miles with tlie prccipitating-tanks, have cost e£2587 13.9. Ic?., 
while those on the south (of which the length is three miles) have cost 
£5809 17s. Sd. The tanks on the north farm have cost £833 3s. 9d., those 
on the south £1188 5s. Id. 

Thus the total cost of externed delivering works amounts to £10,418 19s. 7c/., 
which, added to the cost of the land, will be £58,4 18 19s. 7c/., or £201 8s. 11c/. 
per acre. 

The solid matter collected in the tanks is removed fi om time to time, and 
used on the farms as additional manure. The tanks aie not covered ; and 
there is consequently a strong smell in their proximity, which is not dis- 
coverable in any other part of the farms. 

The sewage having been delivered on to the land, is convoyed from one part 
to another by open mam earners and iron pipes, the former following contour- 
lines, and the latter partaking of the nature of inverted siphons in order to 
cross existing valleys or hollows. 

The cost of these interned woiks per acre has been — 

Tor Carrieis £18 13 0 

Dram *3 12 0 

Iron pipes 4 G 0 

Grubbing and trenching . 3 IG 0 

Roads G 7 G 

Wii c fence 1 3 6 

Or in all £38 0 0 per acre. 

Or a total of £239 8 11 per acre. 

The soil of ncaily the whole of the northern faim is of a stitf clayey cha- 
racter, manifestly lequiiing undcrdiainage. It had for the mo.st part bben 
drained by the late owners before the Commissioncis of Timbndgc Wells 
purchased it ; but owing to the work being done as ordinary farm-drainage 

1871. N 
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independently of surfuee preparation, it was soon found that the sewage 
descended to the drains so rapidly as to prevent its profitable distribution on 
the surface. It was stated to the Committee that when this eflect was dis- 
covered it was determined that the drains should be stopped by digging down 
to them and plugging them, the result of which then was to keep the soil in 
a state of saturation, and to allow the unpurified sewage to pass over the 
surface into the stream. The engineer employed by the Commissioners has 
since superseded this state of things by adopting the special mode of treat- 
ment referred to, which consists of intercepting the existing drains at the 
depths at which they were originally laid, and bringing the underdrainage 
water to the surface by outlet drams discharging into lower carriers for re- 
distribution. 

At the time of the inspection by the Committee the lowest carriers were 
receiving effluent liquid of an impure character from the surface, at the same 
time that the underdrainage water was being discharged into them in the 
way dcsciibed. 

The land of the southern farm is not generally of so heavy a description 
as that of the northern, though portions of it contain clay. Other parts are 
peaty, and are naturally very poor. Wherever the engineer has considered 
it necessary to drain the subsoil, this has been effected in a mannei' similar 
to that adopted on the northern farm. 

The striking features in the case of Tunbridge Wells are 

1. Instead of concentrating the sewage at one farm under one manage- 
ment, it has been divided, in accordance Avith the watersheds, into two parts, 
involving two separate systems of works and management. 

2. Tho mam conduits and carriers are more than oidinarily substantial, 
and are therefore expensively constructed; and, following contour-lines on 
the surface, have a tortuous course, and so must interfere with approved cul- 
tivation. 

3. The character of tho imderdrainagc, being designed for the redeliver}’’ 
of the sewage on to a lower surface by drains gradually getting nearer and 
nearer to it, must necessarily prevent alike a frequent and deep woiking of 
tho surface-soil. 

4. Tho sewage being run over the surface of the land on the catch- 
water system (by night as well as day), with the intention of reapplying the 
overflow, its distribution is necessarily unequal both in quantity and quality, 
tho first land sewaged receiving more than it requires, while the last must 
suffer from a deficiency unless there is a positive waste of sewage, as the 
analyses really show that there is. 

These several features illustrate the advantage of combining with tho 
services of the civil engineer and tho chemist those of the practical agricul- 
turist when laying out a sewage-farm. If they were not pointed out by tho 
Committee thus early in the progress of sewage-irrigation, they might bo a 
source of disappointment and surprise to those w'ho contemplate the utilization 
of the sewage of their own towns by this tho most profitable mode of treat- 
ment at present known, when properly conducted. While saying this, it 
is desirable to point out the superior character of the "works carried out at 
Tunbridge Wells, and at tho same time to express approval of the enterprising 
manner in which they have been undertaken by the Local Authority. 
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Remarlcs on the Analyses of the Sewage and Effiuent Water from the 
Irrigation Farms at Tunbridge Wells. 

North Farm. — In 100,000 parts. Samples taken in the proportion of 
part of the flow per minute, by a measure graduated to of a gallon. 


Solid matter. 


In solution. 

Dried at^ , Dried at 

I0.«C. I S' j 


In suspension 


Sewage from main ") 
sower, collected 
July 4th & 5 th, 
1871 (average 
temp. 68° 5 F) j 
Effluent water ^ 
taken from 7 
drams of Italian 
Eye -grass, and 
mixed 4th and 
SthJuly (avei.igo 
temp bV F) 
Watertrom stream 1 
above the effluent 
drams on Oth 
July. (No sew- 
age water had en- 
tered the stream 
for two days 
above the point 
where the sam- 
ples were taken , 
average temp 
02° F) . 


53 G 


418 


241 


27 7 , 23 02 


20 7 


10 7 


After 

igni* 

tion 


19 08 



Ammonia. 


Chlo- 

rine 

In solution. 

In suspended 
matter 

Nitro- 
gen as 
nitrates 
and 

nitrites. 


Actual 

Albu- 

nnnoid 

Actual 

Albu- 

minoid. 

10 79 

8 90 

o 

o 

XZr 

0‘65 


C-CIP, 

131 

1 

0 09 

... 


trace. 

i 

2 70 

1 

1 

0 008 

0 02 

• 

• ’ 

042 


(Tot<d nitrogen in effluent water 1 99 ) 


The sewage from the main, while containing a comparatively small amount 
of total solid matter in solution, contains a very largo proportion of 
“ actual” ammonia, and also of “ albuminoid” ammonia, when both the sus- 
pended and dissolved matters are taken into account ; it is a rich sewage 
whether the proportion of nitrogenous matters to the total solids or to the 
bulk of the sewago itself be eonsidcrcd. The chlorine is in fair average 
amount. 

The analysis of the average effluent water shows that while the total solids 
are diminished in amount, the diminution is due to the retention by the soil 
and vegetation of the more volatile constituents, as the weight of ash left 
after ignition of the solid matters was greater in the case of the effluent 
water than in that of the sewage. This may be duo to (1) concentration by 
the evaporation which takes place from the sewage of the soil and from the 
plants, or (2) to solution of salts already in the soil : that the latter cause is 
more probably the tnie one, we see from the diminished amount of chlorine, 
which, although it may not necessarily indicate dilution with ordinary sub- 
soil water to a groat extent, still would certainly not lead us to conclude that 
any concentration had taken place. That dilution with nnderdrainage water 
actually docs take place has been already pointed out. 
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The amount of ammonia in the effluent water is too high, amounting to 
more than one seventh of that in the same volume of sewage, while albu- 
minoid ammonia still remains to the extent of one fifth of the original amount ; 
and the almost total absence of nitrates and nitrites in the effluent water 
shows the want of conditions favourable to oxidation ; so that the purification 
of the sewage here, although considerable, is not so satisfactory as could bo 
wished, or as might be effected by making filtration through the soil an essen- 
tial feature in the process. 


South Farm.— In 100,000 parts. Samples taken in the proportion of 
part of the flow per minute, by a measure graduated to y of a gallon. 


Sewage from mam ^ 
sewer at high 
rocks before en- 
tering the tanks y 
on the Oth and 
7th July, 1871 
(temp F ), } 
Effluent water fiom ' 
field of nian- 
goida and two 
fields of mea- 
dow-land, all y 
mixed, 7th and 
8th July (ave- 
rage tempera- 
ture 62° 5 R) j 
WatM* from the'" 
stream outside 
the farm-boun- 
dary above all 
the effluent [ 
drams, taken 8 th 
July (tempera- 
ture 63° E ) . ^ 


Solid matter 

Chlo- 

rine 

Ammonia 

In solution. 

In suspension. 

In solution 

In suspended 
mutter 

Dried at 
100° C 

After 

Igni- 

tion 

Dried at 
120" C 

After 

Igni- 

tion 

Actual 

Albu- 

minoid 

Actual 

Albu- 

minoid 

44 10 

26 90 

19.51 

7 30 

9 18 

7 20 

0 75 

0(M) 

0 10 

38 20 

24 60 



8 00 

20 

0 26 

• « * 

• 

18 60 

12 40 

•• 


2 62 

0 008 

0 016 




Nitro- 

88 

nitrate# 

and 

nitrites 


0 15 


trace 


The results attainedi)n the southern furm arc, as shown by the above ana- 
lyses, very unsatisfactory, and at the same time very reliable, as the slight 
iminution of the chlorine in the effluent water would lead us to believe that 
the loss of water due to evaporation had been about balanced by the influx 
of underdrainage water, so that no great amount, at any rate, of concentra- 
tion had taken place. 

We notice at once the large amount of “ actual ” and of " albuminoid ’’ 
ammonia which escapes unoxidized m the effluent water. No less than four 
ninths of the “ actual ammonia and more than one third of the “ albu- 
minoid ’’ ammonia, in the same volume of sewage, escapes in the effluent 
water, while the amount of nitrates and nitrites is very small ; the effluent 
water is very impure indeed. 

The analyses show distinctly that at these two farms, as at present man- 
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aged, more sewage is applied than can be purified by the surface -flow, even 
when that takes place through thick vegetation (as in the case of the samples 
from the fields of Italian rye-grass on the northern farm), and much more 
than can bo purified under less advantageous conditions (as in the case of 
the samples from the field of mangolds on the southern farm, although the 
water from this field was mixed with that from two of meadow-land) ; and 
they show, too, that the valuable matters that are not utilized are not only 
thrown away, but are thrown away in their crude condition, not having been 
subjected to the oxidizing action necessary to convert them into innocuous 
nitrates and nitrites. 

Lastly, wo must notice the fact that the temperature of the effluent water 
of the northern farm is only slightly (less than one degree Fahr.) below 
that of the sewage, while the effluent water of the southern farm is actually 
half a degree Fahr. warmer than the sewage. This clearly*shows that the 
sewage has not been subjected to the cooling which percolation through soil 
entails. 

(h) Observations on the Seivage-Fann at Earhxvood designed for the 
Utilization of the Sewage of lied llill and lieigate. 

This sewage-farm consists of about 70 acres of Earlswood Common, of 
which, it was stated, about 50 acres abutting on a tiibutary of the river 
Mole have been laid out for irrigation. It is intended very shoitly to add 
more land to that already prepared fiom properties adjacent. 

The soil 13 for the most pait a clayey loam. The higher ground next the 
Common is rather freer in character, while the lower part appears to increase 
in density as it nears the outfall. 

The surface, which has rather a steep fall in its higher part, gradually be- 
comes moie level as it descends, and has a very slight fall indeed as it ap- 
proaches the outfall. 

Before the sewage is delivered to the land for irrigation it passes through 
one of Latham's patent extractors, an ingenious invention for the separation 
of the solid from the liquid parts. The liquid sewage is delivered from the 
extractor by covcied conduits, from which it is directed right and left into 
the highest carrier. The land laid out for irrigation is divided into three 
scries of beds or slopes sepaiated by roadwmys, on the upper side of each of 
winch IS a surfacc-diain to receive the effluent liquid as it passes off the beds 
above, and on the lower a mam carrier to dclivei the sewage for distribution 
to the scries of beds below. The three series aic divided rectangularly into 
nearly equal-sized blocks, to be again subdivided by minor or inner carriers, 
laid out partly on the catchwater and paitly on the ridge-and-furrow form. 
The surface of the highest land of the uppermost senes of beds is about 24 
feet above the surface of the loudest land m proximity to the outfall-stream. 

None of the land is underdraincd, and the lowermost beds appear to be in- 
capable of underdramage at a sufficient depth unless the stream receiving the 
water to be discharged is appropriately deepened at very considerable cost. 

In answer to inquiries, it ^vas stated that after heavy rains the lowest 
portions of the irrigated lands are swamped by the backing of the water 
which collects on their surface when the soil itself is in a state of complete 
saturation. At the time of the inspection by the Committee (July 11th), the 
sewage had collected in pools on the surface of the irrigated beds in a man- 
ner injunous to the ciop under treatment. The wmrk of irrigation is designed 
so that the sewage applied to the higher land may be reapplied on the sur- 
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face of lower lands with a view to its further purification. The sewage as it 
passed off the first surface was observed to be far from clear to the eye, and 
it was not perfectly so when leaving tho second surface. When it was ulti- 
mately discharged at the outfall it was still cloudy, but this was partly 
accounted for by the heavy rams of tho previous day. The analyses of sam- 
ples of effluent water taken at different points, hereafter referred to, will show 
the extent of purification effected. 

Though the land had not been drained, it gave indications of a natural 
capability of diainage in the escape of the sewage fiom the sides of tho car- 
riers or drains, which are from 10 to 14 inches deep The line of saturation 
was clearly shown in those shallow cuts to bo iicaily identical with their 
depth, and tho liquid was seen oozing out of tlie land at- some parts in a 
clarified condition, and at otheis accompanied by a slimy matter, some spe- 
cimens of which have been microscopically examined by Mr. M. C. Cooko, 
M.A., whose report is here given. 

Microscopical Examination of Slime and Mud from Bottom and Sides of 

Carriers at Earlsivood Fai m. 

The fluid specimen of deposit sent to mo for niieioscopual oxaraniation was tho 
only one m a fit condition to repoit upon as to “ the insects and anininlcula) to be 
found therein.” Ob\ioiisly dried mud would giv(‘ no satislactoi\ icsult as to living 
animals, since tho majoiity of them would be dead and shiiv oiled beyond all power 
of determination 

I have examined the wet depo'^it by the aid of the muioscopo, and find it to 
contain a few Diatoms belonging to se\eial g(‘n(‘Ta ami species, Imt m a (onipara- 
tively small proportion to tlie loliime of niatenal The DesmidiacetC weio also 
represented by a species of Clostuium, of -which I deleded but a fi-w indiMduals. 
Confervoid threads i\ero also but spaiingly scattered thiough the mass. Altogether 
there was a smaller percentage of unicellular Algio than I expected to have 
found. luving Acgetablo matter was compaiatixely laie 

Tho animal inh^itauts of the mud weie numeious, especially of certain kinds, 
There were a few examples of that (ommon Th^sanuiou'? insect, Af hoi ides aqtia- 
ticus, sometimes so plentiful m the liquid diaming from heaps of manuie. Tho 
larx'se and pupte of small Dqiteia I am unable to name m those stages, but their 
proportion was not large 0£ Eiq/lcna tindis theie was no lack , and any stagnant 
puddle, especially m the neighbourhood of faim> arc! s, would liavo yudded an equal 
proportion. Infusorians were scaice, a few solitai y incliMduals of Voi ticella mi- 
crostoma, and one or two specimens of Pai amecium, weio about all that I obsened 
But there was one group of auimal oigam^ms most aliundantlv lepiesented, and 
these were the Annelids Whcni the mud Avas exjiosed to the light and sun, the 
surface became active with these cieatmes, about the diameter of a piece of 
cotton-thread, and fioni half an inch or h'^-s to mairly 2 inches m length, they 
wnggled over the whole surface Some white', othcis pink, and a few of a deep 
blood-red were mingled h)gether like eels, wiiggling and sdigglmg in eveiy drop 
that could be talceii up and placi'd on a slidi' for examination. Skins without in- 
habitants were almost as plentiful , and it seemed to be impossible to get a drop of 
the material in the held of the micioscope without either tho wonns themselves or 
empty skins. (Signed) M. 0 Cooke, M.A. 

It appears to tho Committee that the existence of the exuded matter de- 
senbed by Mr Cooke is mainly, if not wholly, due to the fact that tho subsoil 
is kept in a saturated condition by tho want of underdrammg ; and they desire 
to add their belief that with land thus saturated with sewage certain atmo- 
spheric conditions exist which may bo attended by malaria more or less in- 
jurious to health. It need hardly be said that if the effluent liquid passing 
from a sewage-farm at a time when vegetation is in a luxuriant state, and 
when evaporation is more than ordinarily active (which was tho cose when 
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the Committee viewed the land), is not clear to the eye nor sufficiently 
pure to ho admitted into rivers, there must be times when it may become 
exceedingly objectionable. 

It IS to bo remarked in this case, moreover, that there was (on July 
15th, 1871) more liquid passing off the land at the outfall tliaii there 
was sewage delivered to it for application, due possibly to the passage of 
the recent lamfall through the porous soil of the higher part of the farm. 
This fact would, in the absence of the analyses of Dr. Itusscll, have led 
to the conclusion that the effluent liquid was purer than usual. 


Observations on the Analyses of kiewaye and Effluent Water from the 
lied Jfdl and Eeujate Eewage-Fai m. 

In 100,000 parts. Samples taken 14th and loth Julj, 1871, in the pro- 
portion of Y part of the flow. 
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This IS decidedly a weak sewage, as it does not contain one third of the 
quantity of “ actual ammonia, nor one fourth of that of “ albuminoid ” 
ammonia that the samples of Tunbridge Wells (North Farm) contain j the 
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small<?r amount of chlorine also shows this. The fact is, that a very large 
quantity of subsoil water is admitted into the sewers. 

The effect of the “extractor” is to reduce the total susjicnded matters 
by slightly more than one thiid of thoir amount, the amount of sohd 
matter in solution is slightly lessened, and a quarter of the nitrogenous 
organic matters in suspension pass into solution; those aie effects not m any 
way duo to the action of the machine except as an agitator. 

The effect on this sewage of a flow over one field of rye-grass, as shown 
by the analysis of an average sample made by mixing twelve samples 
in the pioportions indicated by the amount of flow at the time of collecting, 
was as follows ; — 

The suspended matters, being very small in amount, were not determined. 
The solid matters in solution were reduced m total amount, the reduction 
being chiefly due, as in the case of the Tiinbiidge -Wells farms, to the re- 
tention by the soil and plants of the more volatile substances, as the amount 
of sohd matters left after ignition is practically the same in the effluent 
water as in the sewage. The lessening of the chloiine by more than one 
fouith of its original amount would point to the fact, already referred to, 
that a considerable amount of subsoil water dilutes the effluent water ; but 
notwithstanding this dilution, the effluent water contains moie than half as 
much “ actual ” ammonia as the same bulk of sewage (after passing through 
the extractor), and a quarter as much “albuminoid” ammonia, while the 
amount of nitiogen escaping as nitiatcs and nitiites is insignificant. 

This effluent water is theiefoie not puiified in a satisfactoiy way at all. 

13ut the most interesting ])oiut about these analvscs is the comparison of 
the effluent water which had passed over two fields of rye-grass uith that 
which had only passed over one. 

On a primd facie mow, it would liave been expected that the former 
would have been much purer than the latter ; but in this case, on the con- 
traiy, we find that the effluent water uhich has passed o\er two fields 
contains, in the same bulk, — 

1. More than one fifth more solid matter in solution, 

2. More than one thud more fixed solids, 

8. Moie “ albuminoid” ammonia, viz. OTO instead of O’OO, 

4. llather more chloiine, 

5. Very slightly less nitrogen as nitrates drc., 

0. ;Morc than one fouith less “ actual” ammonia, tlian the effluent Avater 
which had passed over one field of rye-grass. 

This shows us — • 

1. That bypassing over an additional field, the sewage has been strength- 
ened instead of weakened, except as legards “ actual ” ammonia. 

(That this strengthening is probably due chiefly to eiapoiation through 
the agency of the plants, is shown by the increase in albuminoid ammonia, 
and by the fact that the actual ammonia is the only conbtitucnt lessened in 
amount to any extent ) 

2. That the nitrogenous organic matters, as shown by the amount of al- 
buminoid ammonia, are inci eased. 

13. That no additional oxidi/ing action took place. These results are what 
might have been anticipated from the description of the faim already given. 

The soil, not being underdiaincd, is satuiafed vith sewage, and the 
effluent watei floAVing off one field on to another, aliead}’^ saturated Avith 
scAvage, can only concciitrato itself by evaporation or by solution of matters 
in the upper layer of the soil. 
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There is this, then, against the catchwater- system, that if the fields are 
not underdrained the land will become saturated with sewage, and the 
effluent water will then pass off in an impure condition ; and not only so, 
but the present example shows that after a second application the water 
may (except as regards actual ammonia) contain a greater amount of solu- 
ble impurities than it did befoic, and, above all, the nitrogenous organic 
matter (as indicated by the aibumcnoid ammonia) is not diminished, but 
rather increased, iii spite of the active giowth going on m the month of July. 

The tcmporatui'o of the effluent water from the first held was eousiderably 
(4j° Fahr.) hujlier than that of the sewage, and that from the second field 
half a degree higlier than that fiom the first, a sufficient proof that percola- 
tion through the soil does not take place. 

It may seem almost superfluous for the Committee, after so many years 
of general experience thioiighout the countiy, to argue in favour of the sub- 
soil drainage of naturally heavy or naturally wet land with impervious sub- 
soil for the pui poses of ordinary agiiculturc ; but some persons have strongly 
and icpeatedly called in question the necessity of draining land when ir- 
rigated with sewage , and the two farms at Tunbridge Wells, to a great ex- 
t('nt, and more especially the llcigatc Fairn at Eailswood, have been ac- 
tuall}" laid out for scwage-iirigation on what may be called the “ satura- 
tion’’ principle , so that it appears to the Committee desirable to call atten- 
tion to the fact, tliat if drainage is nccessaiy where no water is aitificially 
supplied to the soil, it cannot be lesb necessary after an addition to the rain- 
fall of lOU or 200 per cent But a comparison of the analyses of different 
samples of effluent wateis which have been taken by the Committee from 
open ditches into which effluent water was ovei flowing off saturated land, 
and from snbsoil-diains into which effluent Avater was mtei raittcntly perco- 
lating thiough several feet of soil, suggests grave doubts whether effluent 
water ouglit ever to be permitted to escape before it has percolated throwjh 
the soil. 


Section 1Y . — The Phosphate Pt occss. 

A Iffember of the Committee was present at an experiment which was 
])eifoimed Avith the jJiosphute piocess of Mcssis. Foibes and Price at 
Tottcnliam on Maich 25th, 1S71. llis dcsciiption of the experiment is as 
folloAVS — ' 

The Tottenham scivage, after passing tlirough some depositing tanks which 
liad been constnictcd for the lirac-piocess, vas pumped up, at the rate of 
about 800 or 1000 gallons per minute (as stated), along a earner into a tank 
loo yaids long and of gradually incieasing bicadth. This tank took threo 
hours to fill. 

As the sewage passed along the above mentioned carrier, the chemicals 
A\cre mixed uith it in the following Avay : — 

Two boxes aacio placed over the earner, one a few yards further along it 
than the other; the first contained the phosphate mixture, and the second 
milk of lime. Mon Aveio continually stirring the contents of each box, 
Avhich were alloAved to run continuously into the scAvage as it passed under- 
neath the boxes. 

The phosphate mixture Avas stated to bo made by powdering the native 
phosphate of alumina, mixing it with sulphuric acid in the piopoition of a 
ton of phosphate to iioni 12 to 13 CAvt. ot the acid, and dissolving the mass 
in Avatcr. 
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The amount of the preparatiou added to the sewage was not ascertained, 
but it was stated to bo certainly much less than the proportion indicated by 
previous experiments (1 ton of crude phosjihate to 500,000 gallons of sewage). 

The result of this addition was to deodorize the sewage to a very consider- 
able extent indeed , and when some of it was placed in a precipitating glass, 
and allowed to stand, a speedy seiiaration of the suspended matters took 
place. 

The milk of lime is added to precipitate the excess of phosphate added, 
and just sufficient milk of lime is allowed to How in to nciitializo the sewage, 
the reaction of which to test-paper is observed from time to time after the 
addition of the milk of lime. 

During the passage of the sewage thus tieated through the largo tank, 
the suspended matteis weic very completely deposited, and the supernatant 
water ran over the sloping edge of the tank at its extreme end bright and 
clear, and almost odourless. 

Some of this water was collected, and was kept scaled up in a stone jar 
until July 24th, when it was analyzed by Dr. Itu^sell, witli the following 
result . — 


Sample of Kffluent Watei taken from Tottenham Sewage, treated Maich 
. 25th, l(S7i. Paits pel 100, 000 
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It was found, after the lapse of four montlis, (pate sweet and without 
smell The suspended matter was in very small quantity, and consisted 
merely of a little whitish flocculcnt matter, doubtless lime due to the slight 
excess used on the day when the samido was collected. The water was quite 
clear, and only on looking through a considerable depth could a brownish 
tint be detected. 

The analysis of it shows that it contains as much actual ammonia as 
ordinary dilute London sewage, and also a certain amount of albumcnoid 
ammonia. 

It contains the merest trace of phosphoric acid, as indicated by the molyb- 
date-ofTammonia test, and no sulphuretted hydrogen, nor any nitrates or 
nitrites. 

Some of the deposit had been taken out of the tank, and was drying in a 
shed, the water which separated fiom it forming little pools on the surface of 
the mass , both this wafer and the precipitate itself weie free from all offen- 
eive smell. 

It appears, then, that the suspended matters are entirely removed by this 
process, but the actual ammonia and, to a certain extent, tlie soluble organic 
matters are neither removed from the sewage nor oxidized ; but an odourless 
precipitate is produced, which contains all the phosphate added, and contains 
it doubtless in the form of flocculent phosphate of alumina, the value of 
which, as a manure, is somewhat doubtful, being certainly not so great as 
the value of corresponding quantities of flocculent phosphate of lime. 

The valuable constituents of sewage, with the exception of the suspended 
matter and the phosphonc acid, are not precipitated by this process, and 
cannot be utilized unless the effluent water bo afterwards used for irrigation, 
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in which, case the milk of lime would not he added, and the clarified sewage 
would still contain a quantity of phosphoric acid. 

The advantage of this use of it, if it were found to answer from an econo- 
mical point of view, would be the deodorization of the deposit in the tanks 
and of the sewage itself, which is certainly at present a great desideratum, 
especially as regards the tanks. 

S];ciioN Y . — The Dnj Earth System. 

The Committee did not consider that it was its duty to undertake the 
examination of eveiy plan that might lie proposed for the treatment or uti- 
bzation of excrctal matters, but only those which were already well before 
the pubhc, and known, oi supposed, to be affording something like satisfactory 
results. It had sent out forms of questions with a view of procuring in- 
formation respecting the lesults obtained in the use of Moule’s earth- 
closets, and there was every desire on the part of the Committee not to 
neglect the examination of any s) stem which promised results satisfactory to 
the community. 

Of eight forms of questions sent out relating to Moule’s system, only one 
had been filled up and returned, and tliat one was from Lancaster. It ap- 
peared that about lbs. of soil w('rc used per head per day. The manure 
obtained is aftei wards mixed m itli otluir town refuse, and the mixture is sold 
at 5s. a ton. The analysis of the maniiio published by the llivcrs Pollution 
Commission showed, however, that it did not contain more nitrogen than 
good garden-mould It was stated to have been applied at the rate of about 
6 tons per acre to grass land , but the produce of hay was by no means large. 
It should bo added, hoveier, that even at Lancaster, the only place where an 
attempt has been made to carry out the system on a large scale, some of the 
conditions presci lin'd by Mr Moiile, and essential to its success as a means of 
avoiding nuisance and mjuiy to health, are entirely neglected. Thus there 
is an average of twenty-foui peibons using each closet, and instead of any 
arrangement for tlui deposit of earth on the fmcal matters after every use of 
the closet, a quantity ot soil is thrown once a day over the matters collected ; 
and the result is, that the pioduct is removed in a very oflensivo condition. 

On behalf of the Committee, Dr Gilbert has himself made some trials with 
Moulo’s earth system; Id cwt of air-dned and sifted clayey soil were set 
apart for the ex})(‘iiment From one third to one half of the whole was used 
before it Avas nec('ssary to empty the pit. "When removed the mass appeared 
uniformly moist throughout, and (excepting m the case of the most recent 
portions ne<ir the surface) neither fuccal matter nor paper was observable in it ; 
nor was the process of empt} ing accompanied by any offensive smell. After 
exposure and occasional turning over on the floor of a shed, the once-used 
soil was lesifted, and again passed through the closet. 

Below are given the percentages of moisture and of nitrogen in the soil 
under the various circumstances of the trial . — 



Before use 

After using 
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After using 
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Percentage of moisture (at 1(X)®C) in au -dried 
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Calculated upon the air-dned condition, the increase in the percentage of 
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nitrogen was only about O‘lo each time the soil was used ; and, even after 
using twice, the soil was not richer tlian good garden-mould. It is obvious, 
therefore, that such a manure, even if disposed of fiee of charge, would bear 
carriage to a very short distance only. It may bo added that the percentage 
of nitrogen in the soil after using once, as given above, agrees very closely 
witli that recorded in the report of the llivers Pollution Commissioners, as 
found by them in the maiiuie obtained, under professedly the same system, 
at Lancaster. 

In conclusion, when it is borne in mind how small is the proportion of the 
nitrogen voided m the 24 houis that is contained in the fieces, how small is 
the propoition of the total uiine that is passed at the same time, and how great 
is the dilution of the manuiial matters by the amount of soil requiied, it is by 
no means surpiising that the manure pioduccd is of such small value as the 
results would show. It is obMous, too, that our domestic habits and practices 
would have to bo entiiely revolutionized to secure the collection and absorp- 
tion of the whole of the urine, which contains by far the larger proportion of 
the valuable manurial matters voided. Moicoccr, assuming 2 or 2| lbs. of 
soil to bo required for each use of the closet, if the whole of the liquid, as 
well as the solid excretal matteis, ueic to bo absorbed, theie uould pro- 
bably be lequiicd fiom 9 to 10 lbs of soil per head jier day, or about 1| ton 
per head pci annum. This, for London, taking the population at three and 
a quarter millions, Avould leprcsent a icquiiemeiit of about five million tons 
of soil per annum, or neaily 14,000 tons per day , and the quantity to be 
removed would, of course, be eonsideialily gi eater. This illustiation is 
sufficient to show tlie impracticability of any such s}stcm for huge popula- 
tions. Neccrthcless it may icadily be admitted that it would be of gieat 
advantage, in a sanitaiy point of \iew, in the cases of sick looms, detached 
houses, 01 even iillages, and that it might be even economical wheic the eaith 
for pieparation and absorption, and the land for utilization, aic in close 
proximity. 

APPENDIX B. 

llepoH on the Post -mot ton Examination of an Ox. 

Bij Dr. T. kSclnclk CoaiioLu, F.llB. 

Your Committee having invited me to exaniino tlic eaicass of an ox fed 
for two years past on sewage-grown giass at Mr. Hope’s farm neai lloinford, 
I have to report the peifect freedom of that animal from inteinal paiasitea 
of any kind. 

I attribute this marked negatho result to the following circumstances — 
First, the animal did not giaze on the faim, but was fed exclusively upon 
vegetable products cut and carried fiom the land. 8econdly, the porous na- 
ture of the soil and subsoil alike uould rapid!} cany ulf the sewage, and thus 
ensure the passage of parasitic geims into the soil itself. Thiidly, I noticed 
on the iriigatcd portions of the faira a rcmaikablc absence of those molluscan 
and insect forms of life which frequently play the part of intermediary 
bearers. Fourthly, the only mollusks I detected were examples of Lijmneus 
pereger ; these were obtained from a small pit of water to which the sewage 
had no access, and when examined alter death were not found to contain 
any cercanan laivm. Fifthly, the flaky ^cgetable tufts collected by mo 
from the sides of the furrows occufued by sewage-currents consisted chiefly 
of Batracliospermiim momhforme, in the filaments of which were numerous 
active flee nematodes, but no o^a of any tiuc entozoon. Sixthly, the sewage 
had a strong smell of beer, suggesting the presence of sufficient alcohol to 
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destroy the vitality of ordinary parasitic germs, though it was abundantly 
manifest that the freo nematodes had siifFered nothing in conbcquoncc. 

As some guarantee for the efficient manner in which the carcass of the ox 
was examined, I may mention that the superficial muscles, with their asso- 
ciated areolar and aponeurotic coverings, wore particularly investigated, 
portions of certain muscles, such as the scalcin and sterno-maxillans, being 
dissected through and through. All the viscera were likewise scrutinized, 
especially the brain, lungs, liver, bladder, kidneys, paunch, reed, emeum, and 
other natural divisions of the intestinal canal. The animal was not exces- 
sively fat, wliilst its muscles were well developed and of a deep carneoiis lustre. 

84 Wimpolo Street, Loudon, 1b ScEXCEll CoBBOLD, M.D., E.ll.S. 

July 18, 1871. 

Tlemarlshif ilie Committee. 

With regard to the examination of the carcass of the ox, which had been 
fed for twenty-two montlis on sewaged produce at Iketon’s Farm, those mem- 
bers of tlic Committee wlio were present and examined it with Dr. Cobbold 
concur in his statement as to its [leifcct fieedom from internal parasites of 
all kinds, and they can aKo sub'>cribc to most of his observations with regard 
to tlie possible leasons for tins iinniumty. They wish especially to draw at- 
tention (1) to the fact, that on this farm there is ‘‘ a lemarkable absence of 
those molliiscan and insect foinis of life which frequently play tlic part 
of intermediary bearers ’’ to onio/oal larvic it would appear that the sewage 
drives these creatures away oi kills them , and (2) to the composition of the 
“flaky vegetable tufts” collected from the sides of the earners ; these contained 
“numerous active freo nematodf's, but no ova of any tiuo entozoon.” 

But the Committee cannot support Die opinion expressed by Dr Cobbold, 
that the strong smell of beer which the sewage had (caused of course merely 
by hop waste) would suggest “the pieseiiceof sufficient alcohol to destroy 
the vitality of ordinary paiasitic germs,” as the quantity of alcohol which 
would bo iiecessaiy for tins jiuipo'^e in so large a bulk of sewage would be 
enormous, and especially as, as Di. Cobbold says, “ it ivas abundantly mani- 
fest that the free neni.itodes had suffered nothing in consequence.” 

It appears, then, that, as f ii as this one case goes (and it is ceitainly as con- 
clusive as a single case could possibly be), there is no evidence that entozoal 
forms of life arc to be found on the fai m at all in any stage of their existence, 
or in the flesh of an animal fed exclusively for twenty-two months on sewaged 
produce grown on the farm 


Letters ft am j\I LiioisiFii to i)r Blvck. 

[Ordc'Jcd by tlic GoucimI Committee to be punted in flio vtnnual Eeport ] 

Pans lo ID Poptcinbro, 1789 

Monsieur, — C'cst un membre do racadehiiic Iloyale des Sciences do Pans 
qiii vous dent a titro do Confreic : c’ost iin des plus zelds admirateurs do la 
profondeur do votre genie ct des importantcs i evolutions quo vos decouvertes 
ont occasioiinccs dans les Sciences, qui piofitc, pour avoir riioimcur do vous 
ccriro, do Toccasion do ^1. do Boullogno qui va fiiiir son education a Edim- 
bourg. Permcttez-raoi do \oiis le recommander. II joint a d’hcurcuses dis- 
positions un grand desir de s’lnstruire et il legardo coramo iin grand bonhour 
pour lui davoir une occasion pour se presenter a vous. II a bien voulu. 
Monsieur, sc cliaigcr do vous lemettro un cxcmplaiie d’un ouvrage quo j'e 
Yiens do publier : vous y trouverez une partio des iddes dont vous avez jettc 
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le premier germe : si vous avez la bon to dc donncr qnebjnes instants h sa 
lecture, vous y trouverez Ic dcveloppcmcnt d'une !l)octiinc nouvelle que jo 
crois plus simple et plus d’accord avec Ics fails quo cello du Phlogistique. Co 
n’est au surplus qu’en tremblant que jo le soiimcts au premier de mes juges 
et k celui dont j’arabitionnerais ■le ])lus Ic suffiagc. 

J ai riionncur d otre tros-rcspcctucusemont, 
Monsicnr, 

Totre tres-]iiiml)le ct tros-oboissant Serviteur, 




P.u IS 24 .Tuillel, 1790. 

Monsieur, — J’apprcnds avee imo joyo inox'piini.iblo (pie vous vonlez bicn 
attaeher quelquc mdritc aux idecs que j’ai pi ol esse le premier contre la doc- 
trine du phlogistique Plus confiant dans vos idf'os (pie dans Ics mienne.s 
propres, accoutume h vous legarder couimo mon mailio, j'('tois en defiance 
contre moi-m6mo taut quo jc mo suis ecaite sans votro aveu de la route que 
vous avez si gloricuscmcnt suivio. Yotre appiobalion, Monsieur, dissipe mes 
inquietudes et me donno un nouveau couinge. 

Cette Lethe, Monsieur, vous sera lemise par To ray intendant de Lyon 
neveu du Mimstre dcs finauees do eo nuaiie nom et mon parent , il eonduit ^ 
Edimbourgson fils, jeuno liomme d'esjidiance et di'stine a posseder une grande 
fortune, pour y finir son edueatioii ct sui\ie les Icoons des professeurs ccfiijbres 
de Tuniversitd d’Kdimbourg. Peimelti'z-moi, IMonsiour, do vous le rccom- 
mander L’lntdret quo vous voudrozbion ])rondio a lui soia un premier titro 
qiu Tannoncera d’une manidro avantageuso ct j’ai lieu de cioire qu’il no so 
rendra pas indigne do vos bontes. 

Je no serai pas content j(isqu’{\ co quo les eireonstances me pormettent do 
vous aller porter moi-meme le temoignnge de mon admiiation et do mo ranger 
au nombre dc vos disciples La revolution qtii s'oju'ae en Prance devant na- 
turellement rendre inutile une partie do ceux attaches a randcnne adminis- 
tration, il cst possible quo ]c jouisso de jdtis de libiade , et le jircmier usage 
que j’en ferai sera de voyager ct de voyager suitout en Angleteire et a Edim- 
bourg pour vous y voir, pour vous y entendic et piofiter dc vos lumieres et 
de vos conseils. 

J’ai commence un grand nombre d'ouvrng’os et de travaux et j’aspire a un 
Etat de tranquillitd qui me pcimette d'y mettie la dernK-ie main. 

J’ai Thonneur d’etre tres-rcspi'ctumiseinont, 

^Monsieur, 

Tohe ties-humblc et tics-obeissant Serviteur, 



do I’academic dcs sciences. 



LETTERS FROM M. LAVOISIER TO DR. BLACK. 


191 


Pans, le 19 Novcmbre, 1790 

Terray, Monsieur, m’a remis, on arrivant a Pans la lettre que vous 
m’avez fait Thonneur de m’eciiro lo 24 Octobro ; il no pouvaii me faire un 
present qui me fut plus agreablc. J’ai cru que vous ne desapprouveriez pas 
quo je la commuiiiquasso a rAcadtbnie dcs Sciences , ellc n’a pas moms admird 
rclcganco du stylo que la profondcur de philosophio et la candcur qiii regne 
dans votro lettre, et elle a memo desire qu’elle fut deposee dans scs registres ; 
mais je n’y ai conscnti, qu’a condition qu’il m’en serait rcmis uno copie cer- 
tifioe du secretaire. J’ai uno autre grace a vous demander, mais siir laquello 
je dois attendrc votro avcu , c’cst do vouloir bicn me pcimcttre d’cn publier 
la tiaduction dans les Annales do Cliimie. 

M. Gillan a ete temom, depuis son scjoiir a Pans, do quelqnes experiences 
quo j’ai fditos sur la respiration et il a bien vonlu y concourir. Nous nous 
sommcs assuies dcs faits suivans . 

1". La quantite d’air vital oil gaz oxigenc qu’im hommo cn repos et ^ 
jeun consomme, on plutot convertit en air fixe on acidc carboniqne, pendant 
une heure cst de 1200 ponces cubiques do France environ, quaiid il est place 
dans une temperature de 20 degies. 

2”. Cette (piantite s’elevc a 1400 ponces, dans les memos circonstances, si 
la personne est placee dans uno terapcAatiire do 12 degies sculemcnt. 

15® La quantite do gaz oxigenc consommee, on convcrtic en acide carbo- 
nique, aiigmcntc pendant lo terns de la digestion et s’ele\o a 1800 oil 1900 
polices. 

4®. Par lo mouvement et I’cxcrcice on la porto jnsqii’ii dOOO polices par 
hciirc et memo davantage. 

5®. La cbaleur animalc cst constamment la menic, dans tons cos cas. 

G®. Les aniniaiix peiivcnt vivie dans de Pair vital on gaz oxigene, qiii ne 
so renoiivelle pas, aiissi longtcms quo Ton lo juge piopos, ponnii qii’on ait 
soin d’absoibei, par do Falcali caiistKpio cn Injueur, lo gaz acide eaiboniqne, 
i\ mcsiiro qii'il so foime, cn soitc que co gaz n’a pas besom, eomme on le 
croyait, pour etio salubio et piopie a la respiiation d’etie melangi' avee uno 
certame portion de gaz azote ou Mopbete 

7®. Les animaux no paroisscnt pas souffrir dans im melange de lo parties 
de gaz azote et dune partie de gaz oxigenc, poiiivu qii’on ait de memo la 
precaution d’absorber le gaz acide carboniqne, jiar le moicn do Talcali 
caustiqiic, a mesiirc qu‘il est foime. 

8®. La consommation du gaz oxigenc et sa conversion cn acide carboniqne 
est la memo dans le gaz oxigenc pur et dans lo gaz oxigenc raclc do gaz 
azote, cn soite quo la respiration n’est nullcment accelcrc'c cn laison de la 
purcte dc Pair. 

9®. Les ammaiix vivent asscz longtcms dans iin melange de deux parties de 
gaz inflammable ct d’lino dc ga/ oxigenc. 

10® Le gaz azote nc sort absolument i\ ricn dans Paetc dc la ro«;piratlon 
ct il rcssort du poumon cn mcme quantite et qualite qu’il y est entre. 

II®. Lorsque par Poxeicice ct le mouvement on aiigmcntc la coii'sommation 
de gaz oxigenc dans Ic poumon, la circulation s’accek'ae , cc dont il cst facile 
do s’assiirer par le battement du jioulx : et cn gcnc'ral loisqnc Pi personne 
respire sans sc gener, la quantite de gaz oxigcno consommee est proportion- 
nellc Paugmcntation du nombro dcs pulsations multiiilic par le nonibre des 
inspirations. 

11 est bicn juste. Monsieur, que vous soycz un des prcmieis mformes dcs 
progres (|ui se font dans uno cairicre quo vous avez ouverte, ct dans laquclle 
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nous nous rogardoiis tous commo vos disciples. Nous suivons Ics memos ex- 
periences, et j’aurai Thonneur do vous fairc part de mes decouvertes ultdiieurcs. 
J’ai riionneur d’etre avec iin respectueux attachement, Monsieur, 

Votre tres-humble et tros-ob^issant Sorviteiir, 



Report of the Committee, consisting of Dr. Anton Doiirn, Professor 
Rolleston, and Mr. P. L. Sclatkr, appointed for the pmpose of 
promoting the Foundation of Zoological Stations in different parts 
of the World'. — Reporter, Dr. Dohrn. 

Tub Committee beg to report that since the last Meeting of the Eiitish 
Association at Liveipool steps have been taken by Dr. Dohrn to sccuio the 
moral assistance of some other scientific bodies, and that tlie Academy of 
Belgium has passed a vote acknowledging the gieat value of Ihc proposed 
Observatories. Besides this, the Government at Berlin has given instruction 
to the German Dmbassy at Floience and to the General Consul at Naples to 
do everything to secure success to Dr. Dohrn’s ontei prise. Next October 
the building at Naples wall be commenced under the personal superintendence 
of Dr. Dohrn, who will ITo accompanied by the assistant aicliitect of the 
Berlin Aquarium. The contractors agree to finish tlie building in one year, 
so that in January 1873 the Aquaiium in Naples may be expected to be in 
working order. 

The Naples Observatory being thus arranged for, the Committee beg leave 
to draw the attention of the Biitish Association to the importance of esta- 
blishing a Zoological Station iii the British Islands, and to the oppoitunity 
which IS now offered for such a proposition in consequence of the cessation 
of the giant to the Kew Observatory. In the same way as the Association 
took the initiative in the foundation of the Meteorological Observatories, so 
may they legitimately and with every prospect of success take in hand the 
foundation of Zoological Observatories. Until a recent date the Association 
has given considerable sums of money to dredging-explorations ; but, in con- 
sequence of the advance of Zoological Science, some of the problems to bo 
solved are so much changed and their nature is of such a character as to 
demand the assistance of the Association in other directions. The careful 
study of the development and the habits of marine animals can only bo 
earned on by aid of large aquariums and cumbrous apparatus, which an 
individual could hardly provide for himself. This, and the copious supply 
of animals for observation, can be provided by such a cooperative institution. 
There can be little doubt of the convenience to naturalists, and of the per- 
manent benefit to science, which would result from the foundation of a 
Zoological Station in the British Isles. 



THERMAL EQUIVALENTS OP THE OXIDES OF CHLORINE. 


193 


Preliminary Report on the Thermal Equivalents of the Oxides of 
Chlorine, By James Dewar^ F R S.E. 

During (he couibc of tlio IdbL of the Butish Assooiatioii, I took 

occasion to lay betorc the Chemical Section two short notes bearing directly 
on tho subject of Tlicrmal Equivalents , they were respectively entitled 
Thermal Eijuivalents and Eerrnentatiou/’ and ‘‘ Obseivations on tlic 0 \ides 
of Chlorine.” In tho fiist-mentioned communication it was pioved th<it tin* 
decomposition ot sugar into caibonic acid and alcohol was a leaction taking 
place without any great evolution ot heat, if wo accepted the theimal cmjui- 
valent of sugar as determined by Erankland, along with the similai value 
of alcohol obtained from Eavic and ISilbeimann’s researches , and eoii- 
sequcntly the heat of fei mentation must bo denved from some othei sou ice 
than the sugar molecule itself, — the continued hydration of the alcohol jno- 
duced, the seeondaiy decompositions taking place, and the transfoimatioiis 
of llie fcimeiit itself being the tliiee available sources of supply. 

Tho note on the oxides of chlorine had special reforeneo to the heat 
evolved during the decomposition of these oxides. Tho researches of Eavre 
and Silbcimann having shown that tho formation of hyjiochiorous aeid and 
of chloric acid is attended with a largo absorjition of heat, it became in- 
teresting to asceitain if in this senes of oxides wo had a regular inclement 
of absoiption in glassing fioin the lowest member of the scries to the liigliest 
membei, just as Amiiews had found a similar relation to hold for ceitaiii 
oxides of the same metal, vhose successne formation was attended ^\lth an 
evolution of heat 1 suggested it Avould be inteiesting to make a complete 
examination of the thermal lelations of these bodies along with the similar 
deiiAati\e8 of biomine and iodine, and AVith this object in view I ac- 
cepted a grant in older to piosecute these researches, and althougli my 
spaie time has been vaiiously occupied during tho past year, I have found 
oppoit unity to make a considerable number of jirchminaiy obseivations in 
connexion with this subject. 

Jleat also) bed diDoiy the Solution of Salts heloiiybig to this Semes po' 

equivalent. 


Units Keat units 

KOI 4320 KCIO, 10,100 

KBr 4900 K- 31 O 3 9,080 

K1 4800 KIO 3 5,300 


Comparing the solution-values of chloride of potassium and liionnde ol 
potassium with tlie coiiespoiuhng values obtained for the chloiate and 
biomate, the lattei salts aie observed to have a \eiy mucli Inglier soJution 
theimal equualent, Avheieas, comparing iodide of potassinin witJi lodate, a\c‘ 
have only a slight inciease in the lattei salt The highest absoijition- 
values aie therefore connected AVith the acids wliose foimation is attended 
A\ith an absoiption of heat. It will be inteiesting to find hoAV tlicse sub- 
stances act Avith legal d to the absorption of ladiant heat, and if a siniilai 
relation is maintained. 

The method I pioposed to adopt in examining tho thermal lelation of the 
oxides of chlorine was based on the easy and rapid decomposition of dilute liy- 
driodic acid, whose thei mal equivalent in aqueous solution has been caielully 
determined. Isoon found, however, cliloiic acid did not appiecmbly decom- 
pose dilute lijdiiodic acid Avhen the strength of the respective acids in 
aqueous solution amounted to a half gramme equivalent per litic, nor did i 
187K 0 
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succeed better when I substituted hydrochloric acid for the by di iodic. A 
few expel iments were made on the action of magnesium on chlonc acid, 
with the \iew of ascertaining its thermal value fiom tlie oxidation of the 
nascent hydrogen , but, so far as my expci iments extended, the lesults did 
not agree satisfactorily. 

I had lecouise then to llie direct action of iodine on cliloiic acid, which 
I found acted (aisily on a solution of tAvico the noimal strcuiglh, at a ieinjie- 
latuie of SO ' V , nlthougli it did not act on a dilute aipu'oiis solution in the 
(old 'J'lic K'action only taking place leadily at a tem])eiatiire of S0° 0., 
compluates \ery much the mode of pioceduie, necessitatina, as it does, a 
Aeiy constant temperature, 

A senes of obseivations gave as a mean th3,50() heat units e\ol\ed jiei 
('(iuivalent of iodine acting on excess of ehlonc acid Tins numbm lepie- 
sents tile heat evolved in the tiansfoimation of chlonc acid into iodic and, 
and by siibtiacting from it the thermal value of tlie lattm and, we obtain 
tlie heat evolved fiom the decomposition ot the cliloin .icid 'fhe theinial 
\alue of iodic acid is vciy readily obtained throiigli the leaction of dilute 
hydnodic acid, thus — 

io,+5in=5HO+or, 

which takes place with extreme ra])idity in dilute solution, evolving 10,000 
units per ecpiivulent of hydnodic acid decomposed. 

Assuming, tlum, the theimal value of hydrogen to be lU.OOO units, and that 
of hydnodic acid to be 15,000, we obtain on calculation J 5,000 units evolved 
dining the fonnation of a molecule of iodic acid in a(|ue(>us solution. This 
nunibei agiees veiy closely with that ot A. tlitte’s loi the loincition of iodic 
,icid as found through the oxidation of phosphorus. Subti acting the number 
found for the foimation of dilute iodic acid fiom the toniu'i number ex- 
pressing tlie action of iodine on dilute chlonc acid, v\e have the number 
110,500 left for the thermal value of dilute ehlonc acid Tavie estimated 
the theimal value of dilute chloric acid as high as —05,1^54 jiei equivalcuit — 
this result being based on the action of eldoiiiie on coiKentrated caustic 
potash, thus, 

GKO + 6C1 = 5KC1 + KCIO , , 

• 

and inserting in the equation the known values of oxide of potassium and 
chloride of potassium, and further coriccting for dilution. Jt is obvious, 
howcwei, where we liave one atom of a compound foinied for tiv'e atoms of 
another whose thermal value is not very accurately known, v\c multiply 
any erior enoimously. 

In looking over Kavre’s oiiginal paper, in the ‘ Jouinal de Tharmacie’ for 
1853, on this subjcc_t, I obseiwcd that he mentioned a way cunoiis observa- 
tion with rcfeiencc to the heat evolved during the siitiiiation of hyjiochlorous 
acid with dilute oxide of potassium. He shows that an ecpiivalent of 
caustic potash, when neutralized with an equivalent of h}])ochloious, gives 
rise to an evolution of 10,708 heat units, but if two molecules of hypo- 
chlorous acid vveie employed per equivalent of caustic jiotash, he found an 
evolution of 22,114 heat units. The additional heat evolved is not duo to the 
formation of an acid salt, because, on adding anothei atom of caustic jiotash, 
wo obtain the normal amount of heat due to the saturation of the acid. It 
is reasonable to suppose, therefore, that the additional atom of hypo- 
chloious acid induces the following reaction : — 


3KO C1()=2KC)1+ KO Cl()„ 
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a decomposition that is well known to occur in certain conditions. As- 
suming this equation to be correct, and employing the following thermal 
numbers admitted by Favre — 


Formation of KO = 

76,238 per equivalent. 

>1 

KO with CIO = 

10,678 


KCl = 

97,001 


KO with CIO, = 

15,187 „ 


Cl with 0 = 

- 7,870 

yy 

KO CIO condensing = 

11,486 


wo ol)tam foi the foimation of an e<iui valent of aqueous chloric acid 
— 12,()bl ]ieat units This number is only about one-filtli part of the foimer 
numbei admitted by Favio 

Tliei e iH yet anothei mode of arii\ing at tlie theimal value of chlonc 
acid Ki,itikland leecmtly made a senes ot obseivations on the lieat c“\o]\ed 
duiing the oMcbition of many uig<uiic substanees tliiough the action ol 
(hloiate of ])otasli, and had lU'cessaiil} to deduce fiom tlie total heat evolved 
tlie heat due to the dceompositnui ot the chhnate of potasli employed, Ins 
liighest lesult. amounts to obOO lie.it units evolved pei eipuvahmt of chlo- 
late of potasli decomposed jSIow it i^ e.isv, liom the admitfial decomposition 
and with the aid of this lesult, to calcul.itc the theimal \aluc of ehloiic 
acid 

IvO CIO = KOI + 0^ 

Formation of KCl =101,000 

„ KO = 70,238 

„ KO with CIO, = 15,187 

„ KO CIO, .solution = 10,100 


X= — 6000. 


101,525 + X + 5500 = 10 1,01 6 


The various determinations of the thermal value of chloric acid are inseited 
in the follovvung Table, along with a lefcience to the leaction on which the 
deteimination is based. — 


Action of chloiine on conccntiated caustic potash = —65,234 (F.ivrc). 
Condensation of hypochlorous acid = — 12,661 (Favre). 

Decomposition of chlorate of potash = — 6,000 (Fiankland). 

Action of iodine on chloiic acid = — 20,500 (Dcwai) 

The great dilference in those results shows that even with the grcati'st 
caie expel imenteis aic apt to differ on the intricate subject of theimal values, 
:ind that befoie a satisfactoiy conclusion can he .iiiived at with leference to 
the tiue tlieinial value of ehloiic acid further experiments ought to be made 

A senes of obseivations have been made on chloious acid and on the per- 
oxide of chloiino 

Cliloious acid was obtained by the action of ben/ol siilphuiic acid on 
chloiate of potash, and after wmshing it was passed directly into watei, in 
oidci to obtain a dilute solution 

The anal} Sis of the solution has invaiiablj differed fiom that of a solution 
of puie chloious acid , and it seems absolutely necessary, in order to ensure 

o 2 
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tlie puiity of the aqueous solution, that the acid bo previously lique- 
fied, and its vapour passed slowly into water, as has been recommended 
by Jlrandeau. As the cold weather had all vanished before I eould secure 
time to enter on this investigation, I saw it was hopeless to prepare the 
liquid acid readily and thus ensure a pure product, but made a few observa- 
tions on the purest product I could obtain — the highest number T have 
obtained per equivalent of chlorous acid, CIO^, acting on hydriodic acid 
amounting to 111,000 units, the following reaction taking place, thus, 

CIO3 + 4III =HC1 + 3HO + 1,. 

It is easy to calculate the licat absorbed during the formation of dilute 
chlorous acid, and it is found to amount to — 27,800 heat units. 

Similar observations have been made on peroxide of chlorine obtained 
from the action of oxalic acid on chlorate of potash. The aipieous solutaon 
of the gas has always contained appreciable quantities of fiec cliloiine, and 
the value obtained will necessarily require some coircction. One equivalent 
of ClOj acting on hydriodic acid evolves 120,000 heat units , the following 
reaction takes place : — 

CIO, + 5III =HC1 + 4HO + 1,. 

AVhen the requisite numbers are inserted in the above equation, the lesult 
is found to be 19,800 heat units absorbed for the foimation of an equivalent 
of peroxide of chlorine. 

The thermal values of chlorous acid and of peroxide of chlorine arc likely 
to require considerable correction, because I liave not found that strict uni- 
formity in the results I should have liked. This is owing 111 gieat part to the 
diificulty of procuring a pure product, and the groat tendency to secondary 
decomposition. The mode of conducting the experiments may also have con- 
siderable influence on the results. The above experiments were made with 
the relative proportions of the oxides of chlorine and of hydiiodio acid that 
would completely neutralize each other, so as to precipitate the iodine m the 
free state. A series of experiments made in presence of excess of hydi iodic 
acid, the requisite correction being made foi the solution of the lodino, 
would be important, and these I intend to execute along with further ob- 
servations on this subject. 

The following observations have been made in connexion with this re- 
port . — • 


Action of dilute HCl on dilute HCIO, 

. nothing 


I 


HC1O3 

. nothing 



yy 

H,0 

. — 730 


■KHO 

yy 

10 , 

. 15,000 

yy 

I 

yy 

HCIO, 

. 30,500 

yj 

HI 

yy 

HCIO3 

. nothing 

yy 

HI 

yy 

HIOj (per eq. of HI). . 

. 10,000 

yy 

CIO3 

yy 

HI (per cq. of CIO,) . . 

.111,000 

yy 

CIO, 

yy 

HI (per eq. of CIO,) . . . 

.120,000 
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llcport on the practicability of establishing A Close Time ” for the 
protection of indigenous Animals. By a Committee^ consisting of 
Prof. Newton, M.A., F.R.S., Rev. H. B. Tristram, F R.S., J. E. 
Harting, F.L.S., F.Z.S., Rev. H. Barnes, and H. E. Dresser 
(Reporter). 

Your Committee h<as great pleasure in reporting that the object for which it 
was appointed has continued to excite attention in the public prints during 
the past yc<ir, and that in the direction indicated by its last Report — the 
protection, namely, of those birds generally coming under the term “ Wild 
Powl ” There appears to be a widespread disposition among all classes to 
extend m their favour the provisions of the ‘ Sea-Birds' Preservation Act,’ in 
proof of which your Committee may cite two facts — 1, the establishment in 
the county of Sussex (chiefly through the instrumentality of Mr. T J. Monk, 
of Lewes) of an Association whose members pledge themselves to abstain 
from desUoying Woodcocks m the breeding-season, which Association has 
met with gicat cncouiagement from the principal landed propiietors m the 
county , and 2, tlie lapid growth of a well-founded belief that some steps aie 
absoluiely necessary to stop the netting or shooting of Ploveis duiing the 
same season to ensure a continuance of the supply of their eggh, which 
form, as is veil known, a valuable commodity 

Your Committee is tnlly awaic of the danger of attempting to logihlato on 
this subiect betoie the proper time , but from the assistance which has been 
promised in ^allons influential quaiters, it entei tains a sanguine hope that 
some decided step may be taken next j’car, and bcliCMng that tlic vaimcst 
siipportcis of the piinciple of establisliing a Close Time for indigenous 
animals will readily listen to the lecommendations of youi Committee, it 
respectfully prays that your Committee may be reappointed. 


Report of the Committee on Earthquakes in Scotland. The Committee 
consists of Dr Bryce, F G S., Sir W. Thomson, F.R.S , D. Milne- 
IIoME, FR.S.E , P. Macfarlane, and J. Brough. 


Very little woitliy of iccord has occurred duiing the past year. Theio 
has been no eaitlujiiakc oi othci distuibance in the Comrie distiict similar 
to those noticed in last Repoit krom other distiicts, hove\cr, slight shocks 
of eaitluiuakc have been icpoited — fiom Lochaber in the end of Tso\ ember 
and fiom the upper pait of tlie Eiith of Clyde in April. Ihe lattei oceuircd 
during the night, was noticed by few, and doubt has been expie.s^cd by some 
in regaid to it But as the same region was ccifainly agitated on more 
than one occasion duiing the conduct of the previous inquiiy instituted by 
the Association, of which Dr Buckland and Mi. Milne-llome had the 
charge, theie is no improbability in such an occunenoe , veiy little informa- 
tion, however, tliat could be depended upon was obtained In ieg<ird to 
the other eaithquakc-shock there is less doubt, dhe district in which it 
was felt compiises the Spcaii Valley and the lower ]iart of the Great Glen, a 
rof^ion in which some of the most sc\eie of our caithquakes have been from 
time to time expciienccd. In tlie piescnt case, liowe\er, no change was 
produced on the surface, or in the jiosition of objects (sec Rep by Mr D. 
Milne-Homc, Brit. Assoc. Rep. 1840) ; and without iccoiding instruments 
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it has been found impossible to state, with any approach to certainty, whence 
the undulations emanated, or to estimate the intensity of the shocks. It is 
much to bo desired that the additional duty of taking observations of this 
kind should be undertaken at such stations of the Scottish Meteorological 
Society as are situated in the districts where earthipiakes have been so often 
experienced. Such a mcasuie, however, would necessitate the adoption of a 
seismometer of a much simpler construction than that at Comrio, belonging 
to the Association — one which should occupy a small space, and bo little 
liable to derangement, while capable of recording feeble shocks. Your Com- 
mittee regrets that the hope expressed in last Eeport, in regard to the con- 
structing of such an instiument, has not been realized , but they eonhdently 
hope that this important object will be accomplished in the course of the 
coming year. Ey pei mission of the Association, communications might then 
be opened with the Council of the Meteorological Society in regaid to their 
placing such a seismometer at a number of their stations within the areas liable 
to disturbance, and establishing new stations with this express object where 
such do not now exist. 8uch a combined system of observations 'would bring 
the various areas into close relations with one another, and would possess 
every advantage over an inquiry limited to a single locality. 

(Signed) James Eiiyce, M.A , LL.D. 


Report on the best means of providing for a uniformity of Weights and 
Measures, ivith reference to the Interests of Science. By a Com- 
mittee, consisting of Sir John Howrino, FR S., The Right Hon. Sir 
C. B. Adderley, M.P , Samuel Brown, F S S., l)r. Barr, F.R.S , 
Frank V. Fellowes, Professor Frankland, F R.S , Professor Hen- 
NEssY, F R.S., James Heywood, F.R S., Sir Roreut Kane, F R S , 
Professor Leone Levi, F S.A., F.S S , C. W, Siemens, FRS, 
Colonel Sykes, FR.S , M P , Professor A. W. Williamson, F.R S , 
James Yates, F.R.S , Dr. George Glover, Sir Joseph Whitworth, 
Bart , FR.S., J. R. Napier, II. Dircks, J. V N Bazilgette, 
W. Smith, Sir W.Fairbairn, F.R.S. , John Robinson- — 

Professor Leone Levi, Secretary. 

Your Committee have much pleasure m reporting that the fiflh and last 
Repoit of the Royal Commissioners to in(|uirc into the condition of the 
Exchequer, now Roiird of Trade, Standards has now been publishc'd, and 
the general question of unifoimity of weights and measures in this .ind other 
countries has thus been placed before Her Majesty’s Covcinment in all its 
healings. Y"our Committee are ranch gratified at the large amount of infor- 
mation the Commissioners have collected on the progicss of the Mctiic System 
m different countries, and only regret that they did not recommend a bolder 
course than the 2 '>^cm}ssive legislation of its use. The Commissioners, it 
should be remembered, were not expressly instructed to inquire into the 
Metnc System , but one of the points referred to them being to inquire and 
report whether any and luJiat additions to the existing official Standards of 
Weights and Measures are now required, they understood that that involved 
cexpression of their opinion as to the establishment or continued prohi- 
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bition of the Metric System into this country, and they reported accordingly 
on the subject. 

Tlic Comnnssiotiors assumed that “ there is no immediate cause requiring 
a gcncial changi' in the existing system of legal weights and measuies of 
the countiy for the pui poses of internal trade,” and regarded the question 
of introducing the Mctiic ISystem only in the aspect of facilitating inter- 
national tiado and scientific researches, but your Committee are of opinion 
that in so doing the Commissioners have not sufficiently taken into ac( omit 
the bearings ot the geneial question on education, on scientific woikmanslnp, 
and on tlie gc'iier.d economics of the nation. The Iloyal Comniis&ioneis h.ive 
iccomraended the legalization of the Metric System, and that, in oidei to 
facilitate the use of tlie same, Metiic Staiidaids accuiately vciificd, in relation 
to tlie primaiy ]\retiic Standards at Pans, should be deposited in the Standaid 
Pepartnient of the hoard of Tiade. hut although your Committee consider 
the eaiijiiig out of such recommendation a decided advance ovoi the present 
anomalous state of the law, past experience leads them to fear that no gemnal 
iinifoimity will ev(T be arriv'ed at by permissive legislation, and that 

unless the use of Metiic Weights and Measures is to become geneial at no 
distant poiiod, the lefoiiii will have no fair chance of success. As the late 
Master of the JMint properly said, in the Standard Commission (Fifth liepoit, 
p xxx), ‘‘Although t hegener al in ti eduction of MetricWoights and Measures for 
tiade purposes miglit in the fiist instance be made petmissive only, yet their 
use should, to some extent, be made compulsot p, else the nieie permission to 
use them in the home tiade of this country would be practically a dead 
Icttci.” Your Committee have already reported on the decided advantages 
of the Metiie and Detimal sjstcm in economi/ing time and facilitating the 
teaching of aiitbmetio in tlie schools, in efieeting mechanical \aluations, 
and in Chemisti} and Pliaimacy. Put neither of these advantages can be 
lealized to the full extent until the new system of Weights and ]\leasuiCH, 
with its diMsois and multiples, become identified with our ideas of dimen- 
sions and quantities. Youi Committee admit that this must be the woik 
of time, but all the moie necessary is it to make provisions for the same, 
by nisei ting in any measiiie on the subject clauses fixing a time when tho 
use of the nei\ systi'in will become binding Your Comniitb'o theicfore 
gieatly legret; that tho Pill introduced in the House of Commons by Mr. 
J P Smith to establish the Metiic S} stem of AY eights and ^leasuies, and 
fixing a time when the use of tho same shall become compulsory, has not le- 
ceivcd the coidial support it deserved. Put a majority of five only against 
the Second Heading, in a small House, so late in tho Session, must not be 
accepted as conclusive evidence of the deliberate opinion of the Legislature 
on the subject 

Pending the final settlement of this important question, your Committee 
aio gratified in finding that, in consequence ol repiescntations made by them 
to the Uight Hon Mr W E. Forster, Yiec-Picsident of the Committee of 
Council on Education, the Educational Code of this year for the first time 
piescribes “ that in all scliools tho children in Standards V and YI in Arith- 
metic should know the principles of tho Metric System, and be able to c'x- 
plain the advantages to bo gained from uniformity in the method of foiming 
multiples and submultiples of tho Unit.” Your Committee are convinced 
that tho School is the proper place for^initiating this useful leforni , and in 
view of tho immense economy of time which would be gained in the teach- 
ing of aiithmctic, your Committee would urge that teachers should at once 
commence introducing the subject in tho Schools. To advance this desirable 
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oltjcct, your Committeo have had a Conference at the Lecture Theatre of the 
Kensington Museum in June last, when valuable testimony was given of the 
pi ogress made in instructing children on the subject in the United States 
by Prof. Nathaniel Allen, and in Bombay by Mr. T. B. Kirkham, both 
gentlemen connected with the Education Departments of the respective 
coiintiies. Your Committee have forwarded copies of the resolutions passed 
at the Conference, with copy of a little treatise on the Theory and Practice 
of the Metiic System, to the Head Master of every Public and Endowed 
{School, and they aie picparing to do the same to all the principal Elemen- 
tary Schools in the Kingdom. It is much to be dcsiied that all the works 
on anthmctic, and especially those which have acquiicd much reputation, 
should contain the necessary information on the Metiic 85*stcm, and your 
Committee are glad to report that this has already been done to a huge ex- 
tent Youi Committeo have also lepiesented to the London {School Board 
the desirableness of introducing the Metric Svsteni in the Schools established 
or supported by the Board, and they haie been informed that the siilqect 
will shoitly be considered bj' Piof Huxley's Committee Youi Committee 
imU coiiespond in a similar manner 111111 tlie other Sdiool Boards, and tliey 
trust that by these means they will secure the geneial teaching of the system. 

Youi Committee have forwarded a cojiy of the !Mural Standaid con- 
structed by (\isella to the Industrial Museum in Jklinbiiigh, and they have 
<dso sent one to Newcastle Your Committee have not yet been able to 
obtain the sot of Metric Standaids which they oidered, and they are glad to 
find from the following communication that the same will piovc most useful 
for scientific lesearches . — 

Pilton, Barnstaple, 

July 27, 1871 

Duaii 8ni, — I have been for some time conducting a series of observa- 
tions on the specific gravity of minerals and rocks As the gieatcst possible 
accuracy is indispensable, it is of course a mattei of some importance that I 
should emplov tlic weights which afford the most exact- lesults. I find that 
cab Illations of this natuic can bo done with far more accuracy, and 111 about 
a quaiter of the time, by using the Metiic Hystem ; but althougli I have 
made iiumeioiis in(|iiirics, I have hitherto failed in my endcavoui to piocuro 
a veiified set of Metric Weights May I venture to suggest that, it would 
Ac'iy much tend to pioniotc the object which the Coininittee of the Biitish 
Association have in vicaa if they would piocure one 01 two sets of venfied 
weights for the purpose to such Members as may leipiire the use of sudi 
standaids for scientific investigation, and thus afford them the means of 
comparing and verifying their oiAn weights with the lecognized standards of 
the Association. 

I remain, dear Sir, yours faithfullv, 

iVo/. Leone Levi, Toainsiiend M. Hall. 

A our Committee arc convinced of the great utility of the suggestion , but 
lliey will require a larger grant, since, as will be seen in the Fifth Kepoit 
of the Standard Commissioners, <£50 Avas paid by that Commission for a set 
of Afetnc Standards made of brass by Deleuil, of Pans. 

Youi Committee regret that the war in Franco has suspended the opera- 
tion of the International Standard Commission at Pans for the construction 
and veiification of primary international Metric Stanclaids. That moAmmeut 
niose from resolutions, expressing such a want, passed by the Intc'rnational 
(w'odcsical Conference held at Berlin in 1867, the Academy of Sciences of 
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St. Petersburg, and tho Academy of Sciences in Paris; and wo tiust that 
by that means each country will possess a prototype copy of the Metre, 
made in relation to tho Metro of tho Archives in Pans, all the copies being 
made of the same material, compared by the same method and instiu- 
inents, at tho same temperature, and preserved in the same manner. Pier 
Majesty’s Government had deputed Prof. Airy, the lamented Prof. IMiller, 
and Ml. Chisholm, tho Wardens of tho Standards, to attend tho Inter- 
national Commission Your Committee have reason to believe that it is of 
tlie utmost importance to continue to give to this question unremitting at- 
tention, and they are convinced that their action has been eminently useful 
in guiding tho Legislature, both of this country, of the Colonies, and even 
of othei countries, to the great question of uniformity of Weights and Mea- 
sures and Coins in the interest of Science. In pursuance of this object, your 
Committee are anxious of diffusing as much infoi mation as possible. Plsiiccially 
they aie desirous of supplying those who conduct scientific researches with 
the means of carrying them on in Metric Weights and Measures, as the most 
univers<il]y kiioun, tho most exact, and the most economical as regards time ; 
for vliich puiiiosc the}’’ would be glad to pin chase one or two sets of Metiic 
Standards And foi these, and other purposes, they suggest the reappoint- 
ment of ihc Committee, with a giant of at least £7o. The advantage of 
introducing a universal system of Weights and Measures is well admitted, 
kleii of Science of all countnes, to a huge extent, use already a universal 
vocabnlaiy in this lespect , and your Committee trust that the Biitish Empiio 
will eic long thiow on the side of such a reform tho immense weight of her 
example and nifiuence. 


Report of the Committee appointed for the purpose of promoting the 
extension, improvement, and harmonic analysis of Tidat Observa- 
tions. Consisting 0/ Sir William Thomson, LL.D , F.R.S., Prof. 
J C. Adams, F.R S., J. Oldham, William Parkes, M. Inst. C.E., 
Prof Kankine, LL.D., F.R.S., and Admiral Bichards, R.N., 
F. R Sk 


llepoit drawn up by Mr. E. Robots. 

82 Tirn vork performed for the Tide Committee since tho last Meeting 
of the British Association has consisted chiefly 111 the evaluation of tide- 
eonqionents m a similar manner to that described in the previous Beports. 

82 ^Ir Paikes having again placed the tracings of tho curves of tho 
Tvniiachco (Manora) sclf-registcnng tide-gauge at the disposal of tho Com- 
mittee, a second yeai’s observations have been read off and completely re- 
duced. In addition to the tide-components evaluated for Liverpool and 
Bamsgate, otheis (named for brevity J and Q) have been introduced to 
collect the lunar diurnal (declinational) tides for parallax. These eom- 
jionents have been found to have sensible values for Kuriachee, where tho 
diurnal tides are comparatively large. The solar elliptic semidiurnal (II and 
T) components have also been included, now that two complete years’ ob- 
servations were available. The whole of the values of these tide-components 
IS contained in the previous Beport (§07), the work having been completed 
before tho Beport v as printed. Tho correcting of the calculated heights 
(§ 70) for these additional components will doubtless bnng them still nearer 
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to tho recorded high and low waters. It is contemplated correcting them 
before the printing of the Report, and if this is done, tho results will bo con- 
tained in it. 

84. Tho comparison between the calculated and recorded heights for Livcr- 
pool (§ 68) not being considered as good as might have been expected from 
the labour bestowed on them, it was determined to continue the analysis of 
the Liverpool Tides, with the view, if possible, of detecting tho cause of the 
largeness of some of the differences. Accordingly three years’ observalions 
in continuation of the year 1866-67 were road off and completely analyzed. 
Tho results are as follow, and the results of the previous years are also 
given for tho sake of comparison : — 


Year 1857-58 

1858 - 50 . 

1850 - 00 . 

1806 - 07 . 

1867-08 

1808-00 

1800-70 

ft. 

ft 

ft 

ft. 

ft. 

ft. 

ft 

Ao* 167192 

16 8208 

16*8289 

16 8998 

17 o86z 

174877 

17 1350 

H- 

1! 

00 

0 

27° 9 

27° 0 

18° 4 

18° 4 


20° 6 


Series S 



1857 - 58 . 

1858 - 50 . 

1850 - 60 . 

1806-67 

1867 - 08 . 

1808 - 00 . 

1800-70 

Ri 

^1 

00453 

69° 93 

0 0696 
59 ° 78 

0 0844 
56° 55 

0*0470 
39 ° 04 

0*0349 

66 ®*i8 

0*0399 
101° 28 

0 0276 
124°*38 

R, 

3 2149 
11° 78 

3 ' 3 iH 
11° 12 

3*1938 

10“^ 08 

3 1304 

1 1° 63 

3*0990 

11^*31 

3 1217 
11° 88 

3 0516 
13° 63 


0 0612 
322® 23 

0 0600 

330° 18 

0 0476 
^ 94 ° 73 

00475 
3 * 4 ° 3 ^ 

0 0678 
327° 11 

0 0640 
298° 49 

0 0508 
312° 61 


Series M. 



1857 - 58 . 

1858-.59 

1850 - 60 . 

...I. , 

1800-07 

1807-08 

1808-(;0 

i8{;o-7o^ 

Ri 

0 0192 

0 0626 

0 0092 

0 0396 

0 0194 

0 0603 

0 0841 

^1 

332° 19 

266° 69 

77 ° 27 

358° 02 

259° 28 

322° 82 

317' 18 


9 6745 

9 8124 

9 ^930 

10 2713 

10 2648 

10 1210 

10 1443 


326° 10 

325° 45 

323° 99 

3 ^ 5 ° 55 

326° 85 

328° 38 

329° 40 

R, 

0 1053 

0 0984 

0 1525 

0 0862 

0 1022 

0 1158 

0 1014 


330° 60 

3*5° 04 

321° 71 

335 ° ^7 

3 ^ 7 ° 43 

324° 76 

3 * 3 ° 23 

R4 

0 6847 

0 6573 

0 6371 

0*7648 

0*7238 

0 7018 

0 7196 

‘’4 

220° 34 

217° 68 

221° 30 

224° 19 

222° 50 

223° 68 

227° 87 

Ro 

0 1812 

0 1887 

0 2093 

0 2057 

0 1936 

0 1888 

0 2200 


342° 76 

348°*2 i 

343 ° *7 

343 ° 

348° 5^ 

353 ° 91 

3 ° 47 

Rh 

0 0582 

0 0808 

0 0658 

0 0667 

0 0670 

0 0665 

0 0770 

^8 

262° 38 

00 

C 

^ 59 ° 39 

282° 09 

280° 89 

295° 60 

293° 50 


Series MS 


1857 - 58 . 

1858-50 

1850 - 60 . 

1860-07 

1807-08 

1808 (y.) 

lh() 0 - 70 , 

R4 04379 
270° 68 

0 3488 
265° 86 

0 3879 
270° 49 

04635 

269^*45 

04153 
271° 86 

0 4080 
269° 15 

0 3957 
272° 96 


I is the average inclination of the Moon’s orhit to the Earth’s equator, or the mean 
Maximum declination, for the period. 
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Scrioa K. 



1857-58 

1858-59 

1859-60 

1866-67 

1867-68 

1868 - 69 . 

1869-70 

«1 

0 39^0 
^83° 95 

0 3978 
283" 08 

03853 

273° 18 

0 3278 
281° 60 

0 2939 

285° 77 

0*3116 
282'" 71 

0 3404 
285^^ 13 

^2 

I 1850 

5^98 

I 2742 
o°'40 

I 0995 
349° 6i 

0 6336 

9 ° 03 

0 7701 
6^63 

0 7346 

359 °‘i 6 

0 7882 
4 ° 25 





Series 0 . 





1857-58 

1858-.59 

1859-60 

186()-()7 

1807-68 

1868-69 

1869 - 70 ^ 

E, 

0 44T0 
316® 69 

0*4136 

316^28 

04519 
318° 81 

0 3058 
312® 74 

0 2694 

312° 63 

0 3374 
310'^ 88 

0 3214 
307°*96 





Senes P. 

„-nr, -A r ■ - — 





1857 - 58 . 

1858 - 59 . 

1859-60 

1866-67 

1867-08 

1868-69 

1869 - 70 . 

^1 

0 1250 
101° 96 

0 1339 
105° 75 

0 1306 
98° 61 

0 1409 
88^43 

0 1357 

109° 17 

0 1333 

84° 21 

00935 
77° 08 





Series L 





1857 - 58 . 

1858 - 59 . 

1859-60 

1860 - 67 . 

1867-68 

1868 -G 9 

1869 - 70 . 

B2 

0 5069 
157'' 93 

0 7849 
168'’ 91 

0*3459 

144° 

0 6015 
I24°*o8 

0 5842 

151° 51 

0 5129 
159° 39 

04671 
151° 91 





Senes N. 

^ JL 





"l 857-58 

1858 - 59 . 

1859 - 60 . 

1866 - 07 . 

1867 - 68 . 

18 () 8-69 

18 (; 9-70 

^2 

I 8608 

303" 5 ? 

1 7607 
308° 72 

1*9716 

303° 9 ^ 

2 1608 
301° 59 

I 9124 
308° 14 

1 8307 
307° 39 

I 8917 
305° 06 



Series E 



Sei les T 








X 


f 

1857-58 & lK-) 8 - 50 . 1858 59 & 1850-()0 1857-58 & 1858-59 

1858-59 & 1859-00 

^2 

0 1006 
146° 45 


0 0818 
146° 60 


0 3490 

67° 97 

0 1208 

36" 78 





Senes X 





5857-58 

1858-59 

1859-60 

1866 -67 

1867-68 

1868-69 

1869-70 

1^2 

^'2 

0 409 1 
141° 68 

0 2262 
134° 46 

0 1165 
I91°o8 

0 2360 
175 ° 95 

0 2166 
180'= 68 

0 1977 

*38° 54 

0 1913 
132° 16 





Senes v. 

....... 





1857-58 

1858-59 

18 . 59-60 

1866-67 

1867-68 

1868-69 

18 () 9 - 70 ^ 

^2 

«2 

0 7423 
307° 91 

0 6303 
284° 01 

0 2841 
261° 09 

0*7182 
278° 43 

0 5051 
267° 42 

0 1423 
311° 51 

0 6912 

332° 41 





Senes /x 

_ - — 





1857-58 

1858 - 59 . 

1859-60 

1860 - 07 . 

1867 - 68 . 

1868 69 

1809-70 

E2 

^2 

0 2860 
Si °‘72 

0 2259 

42° 04 

0 3076 
3 ^°-S 5 

0*2561 

32^42 

0 2278 
3 i °'94 

0 2576 

64° 20 

0*2303 
39 ° 64 
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85. It will be seen, on comparing the results contained in the previous 
llcport with the above, that the chief tides (the lunar and solar semidiurnal) 
are now more retarded by about 4° than during the years previously analyzed. 
The calculated heights in the comparison should therefore more nearly repre- 
sent the heights about eight minutes after the hours assigned to them. An 
examination of the differences will show this to be the case. A fresh calcu- 
lation and due allowance made for atmospheric pressure would doubtless very 
considerably reduce the discrepancies. 

86. The gradual increase in the height of the mean level of the water (A„), 
probably aiising from the filling in of the bed of the river and consequent 
increase of friction, will account for some portion of this increased retarda- 
tion. There was a very violent rise in the mean level foi the year 1868-00, 
amounting to foui tenths of a foot; it, howevei, in the following year had 
again subsided to about its anticipated height. The uncertainty in the mean 
level of the water is an element which must at times seriously affect the 
differences between calculated and recorded heights in any method of com- 
putation of heights from a Ji.ved datum With lespeet to these changes now 
taking place in Liverpool Bay, the following extract contains the sulistance 
of the Marine Sunejor’s repoit, dated October 2nd, 1871, and confiims the 
results detenuinod by the preceding reductions • — 

The result of the survey of the channels of the iiver for the current year 
shows that the changes rendered necessary in the anaiigements of the light- 
ing and buoyage arc more important in their immediate effect on the course 
of navigation than any which have occurred for some years The present 
Queen Channel was opened in 1854, but was not buoyed for navigation pur- 
poses until two yeais afterwards 8inco that time the process of advance 
from southward to northward of the Great Burbo Bank had been very 
gradual for the ffist ten years, but more rapid recently, so that the advance 
had extended to about half a mile. At the same time the North Channel 
had widened in the same proportion, and there was no appreciable narrowing 
of the channel in that direction. On the north side, however, during the 
last four ycais, the changes had been more lapid, and the buoys had been 
altered twice wuthin that period. It was now necessary that the Bell Beacon 
should be lemovcd northwaid one third of a mile, and also that the Foimby 
light-ship should be removed one thud of a mile westwaid Thus the Bell 
Beacon buoy wmuld be brought into a direct line ■with the Crosby light-ship. 
The bar was in a satisfactory state, and the wdiole of the channels were in 
as safe a condition as they had been for many years, being deejier as 'well as 
more stiaight and not narrower than formerly.” 

87. It IS very much to be regretted that the authorilies at Liverpool 
have chosen the George’s landing-stage for a tidc-tloat, affected as it must 
be (sometimes to a considerable extent) by the ever-vaiying weight it has to 
bear This will affect the whole of the tide-components evaluated, but moio 
especially the solar components, and will account for the different values of 
the solar semidiurnal tide, "which, judging fiom the corrcsjionding lunar 
component, should agree within much narro'WTr limits. It is theiefore 
thought that, should it bo determined to again discuss the Liverpool tides, 
it will be better to take the tide-curves as sclf-iegistcred at Helbrc Island 
at the mouth of the Dee, in preference to those cf George’s Pier The Ilelbro 
Island tide-curves it is consideicd will give much supeiior results. 

88. Through the kindness of the Dinted States’ Coast Survey Office, two 
years’ tide observations, taken at Fort Point, Sail Francisco Bay, Calitoinia, 
being a continuation of the observations already analyzed (§66), ha\c been 
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received. The results of the analysis of these observations (those contained 
in § 60 being also included for the sake of comparison) are as follow . — 


Year 1858-59. 
ft 

Ao = 8 7103 

I = 28° o 


1859-60. 

ft 

8 2651 
26° 9 


1860-61. 

ft 

8 1608 
25° 4 




Series S. 



Senes M. 



18.58-50. 

1859-60 

1860-0L 

18.58-59. 

1859-60. 

isoo-ol 

Ri 

0 0146 

very small. 

very small. 

00539 

0 0808 

0 0863 


211'^ 96 


• 

0 

0 

189° 37 

32° 7* 

R. 

0 4067 

0 

00 

b 

0 3824 

1*6694 

I 6215 

I 6645 


334° 24 

335° 80 

336° 45 

33o®*8i 

33*° 3*^ 

328" 72 

Ra 

r , 

• 

• 


very small 

very sm.ill 

very smal 1 

R. 

very small very small. 

very small. 

0*0616 

0 0712 

0*0698 


. 

. 

• 

23° 32 

a6'^'73 

11° 15 


1^. 

e. 


1858-59 

o 0248 
22^ 33 


Seiics MS. 


1850-60 

o 0325 
25 


1860-01 

o‘o3 1 < 
22^ 81 


Senes K 


R. 

‘ I 
t . 


1858 59 

1*3370 

196^ 45 
o 1759 
335 "" 21 


1859-60 
1*3036 
197’^ 43 
0*1716 
327‘^*63 


1860-61. 

1*2925 
196" 86 

0*1351 
3^5" 37 




r , 


R. 



Senes 0. 



Senes P. 


T858-59. 

0 89 17 
3S7»6S 

18,59-60 
08511 
357° 52 

1860-6L 
0*8784 
352° 93 

18.58-59 

0 3672 
i6°*52 

1859-60. 

0 3659 

15° 90 

1860-6?. 

0 3869 

13° 52 


Senes L. 



Senes N. 


18.58-59. 

0 059 1 
102^^ 63 

1859-60. 

0*0370 
183° 00 

1860-61. 

0 0506 
170'" 16 

'1858-59. 

0 3931 
3 o 3°*46 

1859-60. 

0 3494 
305° 53 

lS()0-6i. 

0 3 545 
302"' 51 


Senes R. 



Senes T. 

Xw 


1858-59 and 1859-60. 

Bj 0 0076 

164° 00 

1858-59 and 1859- 

0 0142 
277^ 90 

-S) 


Series X. 



Senes v. 

_A 


1858-59. 

0 0372 
188° 30 

- , ■ - T 

1859-60. 

0 0275 
156^ 39 

1860-01. 

0*0121 
144'^ 18 

1858-59 

0 1044 
287° 23 

1859-60. 

0 0387 

272°*46 

1860-01. 

00437 

349°‘59 
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Senes /u. 



1858 - 59 , 
R, 0*02 57 

i 54°‘34 

Senes J 

K 



. 1859 -CO 

0 0311 
206° 14 

18 G 0 -m. 

0 0252 
209^*53 

Series Q. 


1858-59 

1859-60 

18 G 0 -GE 

1858 - 59 . 

1859 -GO. 

1860 -Gl 

o o8lg 

0 0376 

0 0565 

0*1706 

0 1056 

0*1332 

213° 98 

208'^ 29 

183^ 40 

0 

0 

331° 34 

8° 93 


89. Heie again wo have an abiiipt diminution in tlio height of mean level 
for the liiht two ycais, which the following extiact from a letter received 
from J 11 llilgard, Esq , fully explains — 

“ The change m the mean-level leading at Port Point is a matiei of much 
“ annoyance to us The tide-gauge was put up in a small building near the 
“ end of a wharf, and the tide-staff used for compaiison was close to it Now 
“ it was observed after the observations had continued some time that the 
“vvharf was settling, — at least the pait wheie the gauge stood Then the 
gauge was moved to a point a little nearer to the shore believed to bo firm, 
‘‘ but we think the vvhole whaif settled and continued to do so foi years. 
‘‘There seems to bo a bog formation underlying the sin face deposit at that 
“place. There is probably no way of ascertaining the amount of settling 
“ except fiom the observations themselves. We aie now having fiequcnt 
“levellings made, referring the tide-staff to a rocky ledge fuither inland ” 

It IS contemplated including the new tide-components now cinduated 
in the calculation of the tide-heights shown in § 69, doubtless to their 
impiovemcnt 

90. It having come to the knowdedge of the Tide Committee that the United 
States’ Coast Survey Office wms in possession of a senes of hourly tide observa- 
tions taken at Cat Island in the Gulf of Mexico, and which were of a very 
remarkable and interesting character, it was thought a favourable opportunity 
of testing the value of the harmonic analysis for the evaluation of the com- 
ponents of the tides of this place, which appeared very complicated and pe- 
culiar. Application having been made, a series of about thirteen months 
were received through the kindness of J. E. Hilgard, Esq. These are now 
in course of reduction. 

The following results represent the tide-components as far as they have at 
present been evaluated. Datum 10 feet helow datum of United States’ Coast 
Survey : — 
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01. It is extremely interesting to find that, although the lunar and 
solar semidiurnal tides are very small in value, the senes of means from 
which they were obtained were extremely regular and good, and the conse- 
quent determination of the phase of spring-tides from their respective epochs 
18 probably correct within a few minutes. The proportion between the am- 
plitudes of the lunar and solar semidiurnal tides is the nearest to equality 
yet obtained, being in the ratio of 11 to 6. The comparatively large value 
of llj of Series S is undoubtedly a genuine tide, but the smallness of the cor- 
responding value of Senes M must forbid the conclusion of its being purely 
astronomical It is perhaps produced by temperature or wind, its time of 
maximum being about 10 minutes after noon. There arc also indications of 
a similar and large annual tide of 0 3 foot amplitude, and maximum about 
July, which IS also probably meteorological in its origin. The proportion 
between the lunar and solar diurnal (Deelinational) tides (11^ of Series 0 
and T) vill be, on the assumption of the variation of of Senes 0 being as 
the s(|uaie of the sine of the declination, about 4 to I. 

1)2. The following aic the values of the long-period tides which have been 
obtained foincc the Edinburgh Meeting . — 


Solar annual tide (elliptic and meteorological) 

R 

ft 

o 274 

c 

144 50 

Sol.ir seniianmial tide qlet linational and meteoro- 
logical) 

0 128 

35 02 

Lunar monthly tide (elliptic) 

o‘io6 

304 17 

Lunar foil nightly tide (deelinational) 

0043 

136 69 

Luni-solar fortnightly tide (synodic) 

0 099 

336 26 


The abo\ e epoch for the solar annual tide would place the maximum about 
August 10. 
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MATHEMATICS AND PHYSICS. 

Address by Professor P. G. Tait, M.A., F R S.E , President of the Section. 

In opening the proceedings of this Section my immediate predecessors have ex- 
ercised their ingenuity in presenting its widely differing component subjects from 
their several points of view, and in endea\ouring to cooramate them. What 
they were obliged to leave unfinished, it would be absurd in me to attempt to com- 
plete. It would be impossible, also, in the limits of a brief address to give a de- 
tailed account of the recent progress of physical and mathematical knowledge. 
Such a work can only be produced by separate instalments, each written by a spe- 
cialist, such as the admiranlo Reports ” which form from time to time the moat 
\aluable portions of our annual volume. 

I shall therefore confine my remaiks in the main to those two sulnects, one in 
the mathematical, the other m the purely physical division of our work, which are 
comparati\ ely familiar to myself I wish, if possible, to induce, ere it be too late, 
native mathematicians to pay much more attention than they have yet paid to 
Hamilton’s magnificent Calculus of Quaternions, and to call the particular notice 
of physicists to our President’s grand Principle of Dissipation of Energy, I think 
that these are, at this moment, the most important because the most promising 
parts of our field. 

If nothing more could be said for Quaternions than that they enable us to exhibit 
in a singularly compact and elegant form, whose meaning is obvious at a glance 
on account of the utter inartificiahty of the method, results which in the ordinary 
Cartesian coordinates are of the utmost complexity, a very powerful argument for 
their use would be furnished. But it would be unjust to Quaternions to be con- 
tent with such a statement , for we are fully entitled to say that in aU cases, even 
in those to which the Cartesian methods seem specially adapted, they give as sim- 
ple an expression as any other method , while in the great majonty of cases they 

g ive a vastly simpler one In the common methods a judicious choice of coor- 
inates is often of immense importance m simplifying an investigation , in Qua- 
ternions there is usually no choice, for (except when they degrade to mere scalars) 
they are in general utterly independent of any particular directions in space, and 
select of themselves the most natural reference lines for each particular problem. 
This is easily illustrated by the most elementary instances, such as the following . — 
The general equation of Cones involves merely the direction of the vector of a point, 
while that of Surfaces of Revolution is a relation between the lengths of that vector 
and of its resolved part parallel to the axis j and Quaternions enable us by a mero 
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mark to separate the ideas of length and direction without introducing the cumbrous 
and clumsy square roots of sums of squares which are otherwise necessary. 

But, as it seems to me that mathematical methods should be specially valued in 
this Section as regards their fitness for physical awlications, what can possibly 
from that point of view be more important than xlamil ton’s Physical ana- 

logies have often been invoked to make intelligible various mathematical processes. 
Witness the case of Statical Electricity, wherein Thomson has, by the analogy of 
Heat-conduction, explained the meaning of various important theorems due to 
Green, Gauss, and omers , and wherein Clerk-Maxwell has employed the proper- 
ties of an imaginary incompressible liquid (devoid of inertia) to illustrate not 
merely these theorems, but even Thomson’s Electrical Images [In fact he has 
gone much further, having applied his analogy to the puzzbug combinations pre- 
sented by Electrodynamics ] There can be little doubt that these comparisons 
owe their birth to the small intelligibility, per se, of what has been called La- 

place’s Operator, which appears alike in aU theories of attraction at 

a distance, in the steady flow of heat in a conductor, and in the steady motion of in- 
compressible fluids But when we are taught to understand the operator itself we are 
able to dispense with these analogies, which, however valuable and beautiful, 
have certainly to be used with extreme caution, as tending very often to confuse 
and mislead Now Laplace’s operator is merely the negative of the squai e of Hamil- 
ton’s V) which is perfectly intelligible m itself and in all its combinations , and 
can be defined as giving the vector-rate of most rapid increase of any scalar func- 
tion to which it is applied — giving, for instance, the vector-foice from a potential, 
the heat-flux from a distribution of temperature, &c. Very simple functions of 
the same operator give the rate of increase of a quantity in any assigned direction, 
the condensation and elementary rotation produced by given displacements of the 
parts of a system, &c. For instance, a very elementary application of v to the theory 
of attraction enables us to put one of its fundamental principles in the following 
extremely suggestive form — If the displacement or velocity of each particle of a 
medium represent in magnitude and direction the electric force at that particle, 
the corresponding statical distribution of electncity is proportional everywhere to 
the condensation thus produced. Again, Green’s celebrated theorem is at once 
seen to be merely the well-known equation of contiiiuitv expressed for a hetero- 
geneous fluid, whose density at every point is proportional to one electric potential, 
and its displacement or velocity proportional to and in the direction of the electric 
force due to another potential But this is not the tune to pursue such an inquiry, 
for it would lead me at once to discussions as to the possible natuie of electric 
phenomena and of gravitation. I believe myself to be fully justified m saying 
that, were the theory of this operator thoroughly developed and generally known, the 
whole mathematical tieatment of such physical questions as tliose ]ust mentioned 
would undergo an immediate and enormous simplification , and tins, in its turn, 
would bo at once followed by a proportionately large extension of our knowledge *. 


* The following extracts from letters of Sir W R Hamilton have a perfectly general 
application, so that I do not hesitate to publish them — “ De Morgan was the very first 
“person to notice the Quaternions in print , namely in a Paper on Triple Algebra, in the 
“ Camb Phil Trans of 1844 It was, I think, about that time, or not very long after- 
“ wards, that ho wrote to me, nearly as follows — ‘ I suspect, Hamilton, that you have 
“ caught the right sow by the ear ' ’ Between us, dear Mr. Tait, I think that we shall begin 
“the SHEADING of it ” ” “ You might without oflence to me, consider that I abused the 

“ license of hope, which may be indulged to an inventor, if I were to confess that I expect 
“the Quaternions to supply, hereafter, not merely 'mathematical methods, hni aXsophy^ 
“ facal suggestions And, in particular, you are quite welcome to smile if I say that it 
“ does not seem extravagant to me to suppose that tifidl possession of those apriortprm- 
" ciples of mine, about the multiplication of vectors (including the Law of the Four Scales 
“ and the conception of the Extra-spatial Unit), which have as yet been not much more 
“ than hinted to the public, might have led (I do not at all mean that in my hands they 
“ ever would have done so) to an Anticipation of the great discovery of Obestbd.” 

“ It appears to me that one, and not the least, of the services which quaternions may be 
“ expects to do to mathematical analysis generally, is that their introduction will compel 
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And this is but one of the claims of Quaternions to the attention of physicists. 
When we come to the important questions of stress and strain in an elastic solid, 
we find again that all the elaborate and puzzling machinery of coordinates com- 
monly emnloyed can he at once comprehended and kept out of sight in a mere 
single symbol — a linear and vector function, which is self-conjugate if the strain 
be pure. This is simpl y, it appears to me, a proof either that the elaborate machinery 
ou^t never to have been introduced, or that its use was an indication of a com- 
paratively savage state of mathematical civilization. In the motion of a rigid solid 
about a fixed point, a quaternion, represented by a single symbol which is a func- 
tion of the time, gives us the operator which could bring the body by a single 
rotation from its initial position to its position at any assigned instant. In short, 
whenever with our usual means a result can be obtained in, or after much labour 
reduced to, a simple form, Quaternions will give it at once in that form ; so 
that nothing is over lost in point of simplicity. On the other hand, in numberless 
cases the Quaternion result is immeasurably simpler and more intelligible than 
any which can be obtained or even expressed by the usual methods. And it is not 
to be supposed that the modern Higher Algebra, which has done so much to sim- 
plify ana extend the ordinary Cartesian methods, would be ignored by the general 
employment of Quaternions , on the contrary. Determinants, Invariants, &c 

E resent themselves m almost every Quaternion solution, and in forms which 
ave received the full benefit of that simplification which Quaternions generally 
produce. Comparing a Quaternion investigation, no matter in what department, 
with the equivalent Cartesian one, even when the latter has availed itself to the 
utmost of the improvements suggested by Higher Algebra, one can hardly help 
making the remaik that they contrast even more strongly than the decimal 
notation with the binary scale or with the old Greek Aritnmetic, or than the 
well-ordered subdivisions of the metrical system with the preposterous no-eystems 
of Great Britain, a mere fragment of which (m the form oi Tables of Weights and 
Measures) forms perhaps the most effective, if not the most ingenious, of the many 
instruments of toiture employed m our ehmientary teaching. 

It IS true that, in the eyes of the pure mathematician, Quateinions have one 
grand and fatal defect. They cannot be applied to space of n dimensions, they are 
contented to deal with those poor three dimensions in which mere mortals are 
doomed to dwell, but which cannot bound the limitless aspirations of a Cayley or a 
Sylvester From the physical point of view this, instead of a defect, is to be re- 
garded as the greatest possible recommendation It shows, in fact, Quaternions 
to be a special instrument so constructed for application to the Actual as to have 
thrown overboard everything which is not absolutely necessary, without the 
slightest consideration whether or no it was thereby being rendered useless for 
applications to the Inconceivable 

The late Sir John Herschel was one of the first to perceive the value of Qua- 
ternions , and there may bo present some who remember him, at a British Asso- 
ciation Meeting not long after then invention, chaiacterizmg them as a ‘‘Cornu- 
copia from which, turn it how } ou will, something valuable is sure to fall Is it not 
strange, to use no harsher ivord, that such a hanest has hitheido been left almost 
entirely to Hamilton himself? If but half a dozen tolerably good mathematicians, 
such as exist in scores in this country, were seriously to work at it, instead of 
spending (or lather wasting) their time, as so many who ha\e the requisite leisure 
now do, in going over again what has been already done, or in working out mere 
details where a grand theory has been sketched, a \ery great immediate advance 
would be certain From the majority of the papers in our few mathematical 
journals one would almost be led to fancy that British mathematicians have too 
much pnde to use a simple method while an unnecessarily complex one can be 


“ those who adopt them (or even who admit that they mayho reasonably adopted by other 
“ persons) to consider, or to admit that otliers may usefully inquire, what common grounds 
“ can be established for conclusions common to quaternions and to older branches of ma- 
“ thematics.” 

“ Could any thing be simpler or more satisfactory? Don’t you/ee/, as well as think, 
“ that we are on a right track, and shall be thanked hereafter ? Never mind when.” 

X* 
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had. No more telling example of this could he wished for than the insane delusion 
under which they permit Euclid to be employed in our elementary teaching They 
seem voluntarily to weight alike themselves and their pupils for the race , and a 
cjTiic might, perhaps without much injustice, say they do so that they may have mere 
self-imposed and avoidable difficulties to face instead of the new, real, and dreaded 
ones (belonging to regions hitherto impenetrated) with which Quaternions would too 
soon enable them to come into contact. But this game will certainly end in disaster. 
As surely as Mathematics came to a relative stand-still in this country for nearly a 
century after Newton, so surely will it do so again if we leave our eager and 
watchful rivals abroad to take the initiative in developing the grand method of 
Hamilton. And it is not alone French and Germans whom we have now to 
dread, Russia, America, regenerated Italy, and other nations are all fairly entered 
for the contest. 

The flights of the imagination which occur to the pure mathematician are in general 
so much better described in his formulae than in words, that it is not remarkable to 
find the subject treated by outsiders as something essentially cold and uninteresting, 
while even the most abstruse blanches of physics, as yet totally incapable of 
being popularized, attract the attention of the uninitiated The reason may 
perhaps oe sought in the fact that, while perhaps the only successful attempt to 
invest mathematical reasoning with a halo of glory — that made in this Section by 
Prof Sylvester — is known to a comparative few, several of the highest problems 
of physics are connected with those simple observations which are possible to the 
many. The smell of lightning has been observed for thousands of years, it required 
the sagacity of Schonbein to trace it to the formation of Ozone Not to speak of 
the (probably fabulous) apple of Newton, what enormous consequences did he 
obtain by passing light through a mere wedge of glass, and by simply laying a lens 
on a flat plate ! The patching of a trumpery model led Watt to his magnificent 
inventions As children at the sea-shore playing with a ‘^roaring buckie,” or m 
later life lazily puffing out nngs of tobacco-smoke, we are illustrating two of the 
splendid researches or Helmholtz And oui President, by tlie bold, because simple, 
use of reaction instead of action, has eclip.sed even his former services to the Sub- 
marine Telegraph, and given it powers which but a few years ago would have been 
deemed unattainable 

In experimental Physics our case is not hopeless, perhaps not as yet even alarm- 
ing Still something of the same kind may be said in this as in pure Mathematics. 
If Thomson’s Theory of Dissipation, for instance, be not speedily de\ eloped in this 
country, we shall soon learn its consequences from abroad. The grand test of our 
science, the proof of its being a reality and not a mere mientmg of new terms and 
squabbling as to what they shall mean, is that it is ever advancing There is no 
standing still , there is no running round and round as in a beaten donkey- track, 
coming back at the end of a century or so into the old positions, and fighting the 
self-same battles under slightly different banneis, which is merely another form of 
stagnation (Kinetic Stability in fact) “ A little folding of the hands to sleep,” 
in chuckling satisfaction at what has been achieved of late years by our great 
expenmenters, and we shall be left hopelessly behind The sad fate of Newton’s 
successors ought ever to be a warning to us. Trusting to what he had done, they 
allowed mathematical science almost to die out in this country, at least as com- 
pared with its immensQ^progress in Germany and France. It lequired the united 
exertions of the late Sir J Ilorschel and many others to render possible in these 
islands a Boole and a Hamilton If the successors of Davy and Faraday pause to 
ponder even on their achievements, we shall soon be again in the same state of 
Ignominious inferioiity. Who will then step in to save us ? 

Even as it is, though we have among us many names quite asj’ustly great as any 
that our nvals can produce, we have also (even in our educated classes) such an 
immense amount of ignorance and conseiment credulity, that it seems matter for 
surprise that true science is able to exist. Spiritualists, Circle-squarers, Perpetual- 
motionists. Believers that the earth is flat and that the moon has no rotation, 
swarm about us. They certainly multiply much faster than do genuine men of 
science. This is charactenstic of all mienor races, but it is consolatory to re- 
member that in spite of it these soon become extinct. Your quack has his little 
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day, and disappears except to the antiquary. But m science nothing of value can 
ever be lost ; it is certain to become a steppmg-stone on the way to further truth. 
Still, when our stepping-stones are laid, we should not wait till others employ 
them ^‘Gentlemen of the Guard be kind enough to fire first” is a courtesy 
entirely out of date , with the weapons of the present day it would be simply 
suicide. 

There is anotlier point which should not be omitted in an address like this. For 
obvious reasons I must speak of the general question only, not venturing on ex- 
amples, though I could give many telling ones Even among our greatest men of 
science in this country there is comparatively little knowledge or what has been 
already achieved, except of course in the one or more special departments culti- 
vated oy each individual There can be little doubt that one cause at least of this 
is to be sought in the extremely meagre interest which our statesmen, as a rule, 
take in scientific pi ogress While abroad we find half a dozen professors teaching 
parts of the same subject in one University (each having therefoie reasonable leisure), 
with us one man has to do the whole, and to endeavour as he best can to make some- 
thing out of his very few spare moments Along with this, and in great part due 
to it, there is often found a pronene^'S to believe that what seems evident to the 
thinker cannot but have been long known to others Thus the credit of many 
valuable discoveries is lost to Britain because her philosophers, having no time to 
spare, do not know that they are discoveries The scientific men of other nations 
are, as a rule, better informed [certamlj'^ far better encouraged and less over-worked], 
and perhaps likewise aie not so much given to self-depreciation Until something 
resembling the ‘Fortscliritte der Physik,’ but in an improved form, and publishea 
at smaller intervals and with much less delay, is established in this country, there 
is httle hope of improvement iii this respect Why should science be imperfectly 
summanzed in little haphazaid scraps here and there, when more property has its 
elaborate senes of Money-articles and exact Biokei’s Share-lists? Such a work 
would be very easv of accomplishment we have only to begin boldly, we do 
not need to go back, for in every year good woik is being done at almost every part 
of the boundary between, as it were, the cultivated land and the still unpenetrated 
forest — enough at all events to show with all necessary accuiacy whereaoouts that 
boundary lies 

There is no need of entenng here on the question of Conservation of Energy ; 
it IS thoroughly accepted by scientific men, and has revolutionized the greater p^ 
of Physics The facts as to its history also are generally agreed upon, but differ- 
ences of a formidable kind exist as to the deductions to be drawn from them 
These are matters, howe\er, which will bo more easily disposed of thirty years 
hence than now The d'ransforniatioii of Energy is also generally accepted, and, 
in fact, under various unsatisfactory names was almost popularly known before the 
Conservation of Energy was known in its entirety to more than a very few. But 
the Dissipation of Energy is by no means well known, and many of the results of 
its legitimate application have been received with doubt, sometimes even with 
attempted ridicule Yet it appears to be at the present moment by far the most 
promising and fertile portion of Natural Philosophy, having obvious applications 
of which as yet only a small percentage appear to have been made Some, indeed, 
were made before the enunciation of the Pimciple, and have since been recognized 
as instances of it Of such we have good examples m Fourier’s great work on 
Heat-conduction, in the optical theorem that an image can ne\er be brighter than 
the object, in Gauss’s moae of investigating electrical distnbution, and in some of 
Thomson’s theorems as to the energy of an electromagnetic field But its dis- 
coverer has, so far as I know, as yet confined himself in its explicit application to 

J piestions of Heat-conduction and Restoration of Energy, Geological Time, the 
Earth’s Rotation, and such like Unfortunately his long-expected Rede Lecture 
has not yet been published, and its contents (save to those who were fortunate 
enough to hear it) are still almost entirely unknown. 

But there can be little question that the Principle contains implicitly the whole 
theory of Thermo-electricity, of Chemical Combination, of Allotropy, of Fluo- 
rescence, &c , and perhaps even of matters of a higher order than common physics 
and chemistry. In Astronomy it leads us to the grand question of the age, or 
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perhaps more correctly the phase of life, of a star or nebula, shows us the material 
of potential suns, other suns in the process of formation, in vigorous youth, and in 
every stage of slowly protracted decay. It leads us to look on each planet and 
satellite as having been at one time a tiny sun, a member of some binary or multiple 
group, and even now (when almost deprived, at least at its surface, of its original 
energy) presenting an endless variety of subjects for the application of its methods. 
It leads us forward m thought to the far-distant time when the materials of the 
present stellar system shall have lost all but their mutual potential energy, but 
shall in virtue of it form the materials of future larger suns with their attendant 
planets. Finally, as it alone is able to lead ns, by sure steps of deductive reasoning, 
to the necessary future of the universe — necessary, that is, if physical laws for ever 
remain unchanged — so it enables us distinctly to say that the present order of 
things has not been evolved through infinite past time by the agency of laws now 
at work, but must have had a distinctive beginning, a state beyond which we are 
totally unable to penetrate, a state, in fact, which must have been produced by 
other than the now acting causes 

Thus also, it is possible that m Physiology it may, ere long, lead to results of a 
different and raiicn higher order of no\ city and interest than those yet obtained, 
immensely valuable though they certainly are. 

It was a grand step m science which showed that just as the consumption of 
fuel is necessary to tlio working of a steam-engine, or to the steady lij^t of a 
candle, so the living engine requires food to supply its expenditure m the forms 
of muscular work and animal heat Still grander was Riimiord’s early anticipation 
that the animal is a more economic engine than any lifeless one we can construct. 
Even in the explanation of this there is involved a question of very ^eat interest, 
still unsolved, though Joule and many other philosophers of the liighest order 
have worked at it Joule has given a suggestion oi great value, viz that the 
animal resembles an electromagnetic- rather than a heat-engine , but this throws 
us back again upon oui difficulties as to the nature of electricity. Still, even sup- 
posing this question fully answeied, there remains another — -perhaps the highest 
which the human intellect is capable of directly attacking, for it is simply pre- 
posterous to suppose that we shall ever be able to understand scientifically the 
source of Consciousness and Volition, not to speak of loftier things — there remains 
the question of Life Now it may be startling to some of you, especially if you 
have not particularly considered the matter, to hear it surmised that possibly we 
may, by the help of physical principles, especially that of the Dissipation of Energy, 
some time attain to a notion of what constitutes Life — mere vitality I repeat, 
nothing higher If you think for a moment of the vitality of a plant or a zoophyte, 
the remark perhaps will not appear so strange after all But do not fancy that the 
Dissipation of Energy to which I lefer is at all that of a watch or such-like piece 
of mere human mechanism, dissipating the low and common form of energy of a 
single coiled spring It must be such that every little part of the living organism 
has its own store ox energy constantly being dissipated, and as constantly replenished 
from external sources drawn upon by the whole ariangement in their harmonious 
working together As an illustration of my meamng, though an extremely inade- 
quate one. suppose Vaucanson’s Duck to have been made up of excessively small 
parts, eacn microscopically constructed as perfectly as was the comparatively coarse 
whole, we should have nad something barely distinguishable, save by want of 
instincts, from the living model But let no one imagine that, should we ever pene- 
trate this mystery, we shall thereby be enabled to produce, except from life, even the 
lowest form of life Our President’s splendid suggestion of Vortex-atoms, if it be 
correct, will enable us thoroughly to understand matter, and mathematically to in- 
vestigate all its properties Yet its very basis implies the absolute necessity of an 
intervention of Creative Power to form or to destroy one atom even of dead 
matter. The question really stands thus — Is Life physical or no ? For if 
it be in any sense, however slight or restricted, physical, it is to that extent 
a subject lor the Natural Philosopher, and for mm alone It would be en- 
tirely out of place for me to discuss such a question as this now and here j 
I have introduced it merely that I may say a word or two about what has been 
so often and so persistently croaked against the British Association, viz. that it 
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tends to develope what are called Scientific Heresies. No doubt such charges are 
brought more usually against other Sections than against this ; but Section A has 
not been held blameless. It seems to me that the proper answer to all such charges 
will be very simply and easily giveoj if we merely show that in our reasoning* 
from observation and expenment we invariably confine our physiced conclusions 
strictly to matter and energy (things which we can weigh and measure) in their 
multiform combinations. Excepting that which is obviously purely mathematical, 
whatever is certainly neither matter nor energy, nor dependent upon these, w no( a 
subject to he discussed here, even by implication. All our reasonings in Physics must, 
so far as we know, bo based upon the assumption, founded on experience, that in 
the universe, whatever be the epoch or the locality, under exactly similar circum- 
stances exactly similar lesults will be obtained. II this be not granted there is an 
end of Physical Science, or, rather, there never could have been such a Science*. 
To use the woid Heresy” with reference to purely physical reasonings about 
Geological Time, or matters of that kind, is nowadays a piece of folly which even 
Galileo’s judges, were they alive, would shrink from, as calculated to damage none 
but themsehes and the cause which of old they, according to their lights, very 
naturally maintained 

There must alwajs be wide limits of uncertainty (unless we choose to look upon 
Physics as a necessarily finite Science) concerning the exact boundaiy between the 
Attainable and the Unattainable One herd ot ignorant people, with the sole 
prestige of rapidly increasing numbers, and with the adhesion of a few fanatical 
deserters from the ranks of Science, refuse to admit that all the phenomena even 
of ordinary dead matter are strictly and exclusively in the domain of physical 
science. On the other hand, there is a numerous group, not in the slightest degree 
entitled to rank as Physicists (though in general they assume the proud title of 
Philosophers), who assert that not merely Infe, but even Volition and Con- 
sciousness are mere physical manifestations These opposite errors, into neither 
of which IS it possible for a genuine scientific man to fall, so long at least 
as he retains his reason, are easily seen to be very closely allied They are both 
to be attributed to that Credulity which is characteristic alike of Ignorance and 
of Incapacity Unfortunately there is no cure ; the case is hopeless, for gi-eat 
Ignorance almost necessaiily piesunies incapacity, whether it show itself in the com- 
paratively harmless folly of the Hpiiitualist or m the pernicious nonsense of the 

ft t/P n ft 1 1 s t/ 

Alike condemned and contemned, we leav'e them to their proper fate oblivion ; 
but still we have to face the question, where to draw the line between that which 
18 physical and that which is utterly beyond physics And, again, our answer is - 
Experience alone can tell us , for experience is our only possible guide If we at- 
tend earnestly and honestly to its teachings, we shall nei er go far astray Man has 
been left to the resources of his intellect for the discovery not merely of physical 
laws, but of how far he is capable of comprehending them. And our answer to 
those who denounce our legitimate studies as heretical is simplv this, A revela- 
tion of any thing which we can discover for ourselves, by studying the ordinary 

course of nature, would be an absurdity. -i* i i 

A profound lesson may be learned from one of the earliest little papers of 
President, published while he was an undergraduate at Cambridge, where he shows 
that Fourier’s magnificent treatment of the Conduction of Heat leads to formula! 
for its distribution which are intelligible (and of course capable of being fully 
verified by experiment) for all time future, but which, except in particular cases, 
when extended to time past, remain intelligible for a finite period only, and ih«n 

♦ It might be possible, and, if so, perhaps interesting, to speculate on the results of 
secular changes in physical laws, or m particles of matter which are subject to them, but 
(so far as experience, which is our only guide, has taught us since the beginning of modern 
science) there seems no trace of such Even if there were, as these changes must be of 
necessity extremely slow (because not yet even suspected), we may reasonably expect, froni 
the analogy of the history of such a question as gravitation, especially in the discovery of 
Neptune, that our work, far from becoming impossible, will merely become considerably 
more difficult as well as more laborious, but, on that account, all the more creditable when 
successfully earned out 
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indicate a state of things which could not have resulted under known laws from 
any conceivable previous distribution. So far as heat is concerned, modem inves- 
tigations have shown that a previous distribution of the matter mvolved may, by 
its potential energy, be capable of producing such a state of things at the moment 
of us aggregation , but the example is now adduced not for its bearing on heat 
alone, but as a simple illustration of the fact that’ all portions of our Science, and 
especially that beautiful one the Dissipation of Energy, point unanimously to a 
beginnmff, to a state of things incapable of being derived by present laws from any 
conceivable previous arrangement. 

I conclude by quoting some noble words used by Stokes in his Address at Exeter, 
words which should be stereotyped for every Meeting of this Association — 
When from the phenomena of life we pass on to those of mind, we enter a region 

still more profoundly mystenous Science can be expected to do but little 

to aid us here, since the instrument of research is itself the object of investigation. 
It can but enlighten us as to the depth of our ignorance, and lead us to look to a 
higher aid for that which most nearly concerns our wellbeing ” 


Mathematics. 

Exhibition and Description of a Model of a Conoidal Cubic Surface called the 
^^Cylindroid’* which is presented in the Theory of the Geometrical Freedom of 
a Rigid Body. By Eobert Stawell Ball, A.M , Professor of Applied 
Mathematics and Mechanism, Royal College of Science for Ji eland. 

We become acquainted with the geometrical freedom which a rigid body en]oy8 
by ascertaining the character of all the displacements which the nature of the re- 
straints will permit the body to accept 

If a displacement be infinitely small, it is produced by sciewing the body along 
a certain screw. 

If a displacement have finite magnitude, it is produced by an infinite series of 
infinitely small screw displacements 

For tne analysis of geometrical freedom, we shall only consider infinitely small 
screw displacements. This includes the initial stages oi all displacements 
To analyze the geometrical restraints of a rigid body we proceed as follows . — 
Take any line m space Conceive this line to be the axis about which screws are 
successively formed of every pitch from — oo to -poo (The pitch of a screw is the 
distance its nut advances when turned through the angular unit) We endeavour 
successively to displace the body about each oi these sc re ws, and record the particular 
screw or screws, if any, about which the restraints have permitted the body to re- 
ceive a displacement The same process is to be repeated for every other line in 
space. If it be found that the restraints have not permitted the body to receive 
any one of these displacements, then the body is ngidly fixed in space 
If, after all the screws have been tried, the body be found capable of displace- 
ment about one screw only, the body possesses the lowest degree of freedom. 

If one screw (A) be discovered, and, the trials being continued, a second screw 
(B) be found, the remaining tnals may be abridged by considering the information 
which the discovery of two screws affords It is in connexion with the two screws 
that the cyhndroid is presented. 

The body may receive any displacement about one or both of the two screws 
A and B. 

The composition of these displacements gives a resultant which could have been 
produced by displacement about a single screw 
The locus of this single screw is the conoidal cubic surface which has been called 
the “cylindroid” (at the suggestion of Professor Cayley). 

The equation of the cylinoroid is 

a(^*-f-y2) ~2axy=0. 
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Any line (a) upon this surface is considered to be a screw, of which the pitch is 

c+acos 2$, 

where c is any constant, and B is the angle between s and the axis of x 

The fundamental property of the cylindroid is thus stated. If any three screws 
of the surface be taken, and if a body be displaced by being screwed* along each of 
these screws through a small angle proportional to the sine of the angle between 
the remaining screws, the body after the last displacement will occupy the same 
position that it did before the first. 

For the complete determination of the cylindroid and the pitch of all its screws, 
we must have the quantities a and c These quantities, as well as the position of 
the cylindroid lu space, are completely determined when two screws of the system 
are known 

In the model of the cylindroid which was exhibited, the parameter a is 2 6 inches. 
The wires which correspond in the model with the generating lines of the surface 
represent the axes of the screws. The distribution of pitch upon the generating 
lines is shown by colouring a length of 2 6 X sm 2^ inches upon each wire The di- 
stmction between positive and negative pitches is indicated by colouring the former 
rod and the latter black 

It IS remarkable that the addition of any constant to all the pitches attributed in 
the model to the screws does not affect the fundamental property of the cylindroid. 

When a rigid body is found capable of being displace!! about a pair of screws, it 
is necessarily capable of being displaced about every screw on the cylindroid deter- 
mined by that pair 

The theorem of the cylmdioid includes, as particular cases, the well-known rules 
for the composition of two displacements parallel to given lines, or of two small ro- 
tations about intersecting axes 

If the parameter a be zero, the cylindroid reduces to a plane, and the pitches of 
all the screws become equal. If the arbitrary constant which expresses the pitch 
be infinite, we have the theorem for displacements, and if the pitch be zero, we 
have the theorem for rotations. 

As far as the composition of two displacements is concerned, the plane can only 
be regaided as a degraded form of the cylindroid from which the most essential 
features have disappeared 

On the Kumber of Covarnints of a Binary Quuntic. 

By Professor Cayley, D.C.L , F E,S. 

The author remarked that it had been shown by Prof Gordan that the number 
of the covariants of a binary quantic of any order was finite, and, in particular, 
that the numbeis for the quintic and the sextic were 23 and 26 respectively But 
the demonstration is a very complicated one, and it can scarcely be doubted that a 
more simple demonstration will be found. The question in its most simple form is 
as follows VIZ instead of the covariants we substitute their leading coefficients, 
each of which is a “ seminv ariant ” satisfying a certain paitial difterential equa- 
tion , say, the quantic is («, b, c . k^x, y)”, then the differential equation is 
• +^Bi:)w=0, which quh equation with w+1 vanables admits of n 

independent solutions forinstance, if w=. 3, the equation is (fld6 + 26(^#-|-3cdd)«ss:0, 
and the solutions are a, ac — b^, a^d — ‘dabc-k-^F , the general value of m is u— any 
function whatever of the last-mentioned three functions We have to find the ra- 
tional non-integral functions of these functions which are rational and ititegral 
functions of the coefficients , such a function is 

3a6c-f 263)24-4(ac— 

= a'^d^ -p 4«c3 -f 46^<f — 36^c* — Gabcd, 

and the original three solutions, together with the last-mentioned function &c., 

constitute the complete system of the seminvariants of the cubic function ; viz. every 
other seminvanant is a rational and integral function of these. And so in the 
general case the problem is to complete the series of the n solutions a, ac—h^y 
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3a6c-f 26*, 36*, &c. by adding thereto the solutions which, 

being rational but non-integral functions of these, are rational and integral functions 
of the coefficients ; and thus to arrive at a series of solutions such that every other 
solution IS a rational and integral function of these. 


On a Canonical Form of Spherical Harmonics By W. K. Clifford, B.A, 

The canonical form in question is an expression of the general harmonic of order 
n as the sum of a certain number of sectorial harmonics, this number being, when 

. 6«— 10 j t jj 9 

n 18 even, — ~ — , and when n is odd, — . 


. 

Laplace’s operator, _ -f — may be obtained from the tangential equation 

CIJC Cl'U ctz 

of the imaginary circle by substituting -yy ^ for r], If, 

Ci^ ctu ClZ 

therefore, a form U=(>r, y, z)” is reduced to zero by this operator, it follows from 
Prof. Sylvester’s theory of contravanants that the curve U=0 is connected by cer- 
tain invariant relations with the imaginary circle. I find that U can be expressed 
in the form 


u=A”+ir+c”-i-... , 

where AssO, B=0, . . are great circles touching the imaginary circle, the number 
of terms being as above. Now if L = 0, M=0 be two such great circles meeting 
in a real point a, and if ^ be a longitude and $ latitude referred to a as pole, it is 
easy to see that 

L”+M”=^ sm” 6 sm«<^-hm sin” B cos «<^, 


a sum of two sectorial harmonics, which is the proposed reduction. 

When n is less than five, exceptions of interest occur For w=3, if we take a, 6, 
corresponding points on the hessian of the nodai curve U=0 (Thomson and Tait, 
Treatise on Natural Philosophy, § 780), and if we call the longitudes, d,, 6^ 
the latitudes referred to these poles, we have 

U^/8in'’dj sin 3^,+wsin‘’ d, cos 30, 

+M sm'' 62 810 3<p2~hs sin-^ B 2 cos 30^ 

For n=4, the nodal curve is of the species first noticed by Clebsch, of which 
many most beautiful properties have been pointed out by Pr Luroth The form 
U 18 expressible as the sum of fve fourth powers ; so that if we take a, 6 real points 
of intersection of two pairs of them, c a real point on the fifth, calling 0,, 02 » ^ 3 ) 
^ 1 , da, dj longitudes and latitudes referred to them, we have 

V=l sin* d, sin 40, -\-m sin* d, cos 40, 
sin* $2 8111 402+3' 8111* ^ 2 40a 
+r sm* dg <*i <P3. 


On certain Definite Integrals, By J. W. L. Glaisher, B.A.y F.R.A.S. 

^00 

The integrals sin cos (x^)dx have been evaluated in several different 

ways, and the investigations all present points of interest. The integrals have 

usually been written in the forms arP-i sm xdx, xF-i cos xdx, deducible by an 

obvious transformation , and so universally have the latter forms been adopted, that 
the forme? are not to be found in Prof De Haan’s Tables. 

The most natural way of obtaining sm and co8:r”<ib is by writing 
^=t(= V — 1) in the well-known form of the Gamma Function, 


r* 1 

1 e-p^dx = ~i r 
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WQ thus oj/tain 

i cos 1 r sin ^ 1 ^ — t sin ^ ^2Aw+ 2 ) i 

•^0 Jo 

and we can e(]^uate real and imaginary terms. A curious difficulty, however, here 
presents itself, viz to decide what value k (which must be integral) has. In a 
similar case De Morgan determined the proper value of k m the following manner : — 
Put p=scos 6-^1 sin 6 , then 

GO 

r e-**’” ^{cos (a?” sin 0)-¥i sin (i” sm 6)}dx 
do 


whence 


f 


—xtt coi 6 


COS (a?” sin 6)dx^cos - (2kTr-^6)T 


n 




j^"-^«co.0gjn (a;«sin ^ya?=:sini (2;t;r+^)r^l+ 

Now if ^=0, the last integral vanishes, so that we must have A:=0, and 
therefore ^ 

1 cosa?”(7a?s=cos-!il rflj. 1\ 1 sinir«rifa?=ssm ^ rfl+ -V 

J, \ ^ nf Jo 2n V V 

The above investigation is, however, chiefly valuable as suggestive of the result ; 
it contains no indication of the limits between which n must he that the last written 

equations may be true and the integrals not infinite. The integrals have also been 

^ 00 

obtained by differentiating sin a^cfe with regard to a and putting u=s0 after- 

wards ; but the results obtained are of the form a?” sm xdx {n integral), and must 

therefore be infinite * The following investigation of the values of the integrals 
seems of interest, as it is rigorous and discriminates between the finite and infinite 


D *® ^ n 

e~^ ^sin y dx dy with regard to x first, and we find it 






SID 


1 

Vn 


-dy, 


Integrating with regard to x first, we find it 


■r 


whence 


— ~ cosec (2n > 1), 
l+a:2n 2/1 2/1 ^ 

=00 ,(2/i<l), 


i8inyrfy.r(l+ J = | 


TT 


^ cosec s- , 
2/1 2/1 ’ 


* This method is also given in De Morgan’s ‘ Differential and Integral Calculus,’ pp. 630, 

^00 

576. Some analysts (Oettinger, Bidone, &c.) have not seen any objection to J^x'* smxdx being 
finite for all values of n , but unless we are prepared to write with De Morgan (“ Theory of 

^00 ^ ^ 

Probabilities,” Encyc Met p 436)1 e^^dx—— — , because I e-'P^dx= — , it is difficult to 

Jo P Jo P 


see how this can be admitted 
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by taking — =1— - (in which 2n> so that m may have any value eibcept such 

as lie between 1 and —1), and using the relation r(«it)r(l — «)= 7 r cosec we 
obtain 

I sin = r| 1+ —) sin ^ . 

Jo \ m/ 2m 

Similarly, by integrating i coaydx dy, wo find 

I co3a;»>Ja;=r I 1+ — )cos ^ 

Jo V ”>j 27 « 

(m between 1 and qd ) 

The author had calculated a Table of the values of I sin x^dx, j cos x»dx for 

^00 ^00 

different values of a;, and the curves y=J^sin«*f?a, y=J^cos tt*c?a, as obtained from 

them, were drawn and exhibited to the Section, the discontinuities in each being 
remarked. [The Tables and curves will be found m the ^ Messenger of Mathema- 
tics,’ 1871.] 

On Lambert's Proof of the Irrationality of tt, and on the Irrationality of cer- 
tain other Qxiantities. By J. W. L. Glvisher, B.A , F.R.A.S, 

The arithmetical quadrature of the circle, that is to say, the expression of the 
ratio of the circumference to the diameter in the form of a vulgar fraction with 
both numerator and denominator finite quantities, was shown to be impossible by 
Lambert in the ‘ Berlin Memoirs ’ for 1761 , and the proof has since been given in 

an abridged and modified form by Legendre in the Notes to his ^ Elements de G4o- 
m^tne.’ Although Legendre’s method is quite as rigorous as that on which it is 
founded, still, on the whole, the demonstration of Lambert seems to afford a more 
striking and convincing proof of the truth of the proposition , his investigation, 
however, is given in such detail, and so many properties of continued fractions, now 
well known, are proved, that it is not very easy to follow his reasoning, which ex- 
tends over more than thirty pages The object ot the present paper is to exhibit 
Lambert’s demonstration of this important theorem concisely, and in a form free 
from unnecessary details, and to apply his method to deduce some results with 
regard to the irrationality of certain circular and other functions 

The theorem which Lambert proves, and from which he deduces the irrationality 
of rr, IS that the tangent of a rational arc (i. e. an ai c commensurable mth the radius) 
must be irrational , and this he demonstrates by means of an expression for the 
tangent as a continued fraction, viz 

y y- Sy— by— 7y-&c ^ 

adopting an established notation for continued fractions in which that which fol- 
lows each minus-sign is written as a factor, to save room. 

Consider a continued fraction 

> ( 11 ) 

and let — be the wth convergent to it , then we know that 

9n 

and 

9n 9n-\ 9n-l% 

* These results can ea8i||p be proved by induction 



TRANSACTIONS OF THE SECTIONS. 


13 


p 

Suppose aho that the continued fraction (i) is equal to and let Ri, Rj . . . Kn . . . 
be such that 


Ri=s«iP— ^iQ, 

R2=«lf2Rl4-)32P> 
R3 = et3R2+i33Ri, 


R» — eftnRn— 1 -{-^nRn— 2; 


then R„=cr V—p Q, as can be shown by induction , so that 

P _ Pn Rn 

7^ ~ ~ r\ 

Q 9n Q7„ 

Now 

? fPn^l Pn\ fPn+i Pn+l \ 

^ 9n~^\9n+X 9„r\gn + 2 ^n+l ’ 

therefore 

P • • ^n + i 

^ 9n 9n9n + \ 9n + l9n42 

from (iii). By equating this value of ^ ^ to that in (i\), we obtain 


(iv) 


(-)«+>R„ = Q^^2±^--Q9»^-^^+ (V) 

^ ^ 9n+l 9n+l9«+2 

If P and Q be integers and eei . ecn» • /3i • . . . be also all integers, then 

from the equations by which Ri Rn . . . are determined, we see that they also 
are integers. 

Now in the case of the continued fraction for tan—, 

y 

an = (2n — l)y, 

/3n= — 

9n=(2'»-l)y9«-i-^'9«_2 ; 

and we notice that if x and y be integers, then eci , . ctn^ > f3i . . /3« . . are so too, 
and consequently (if P and Q are integers) Ri Rn . are integers. 

The factor by which — — is multiplied to obtain ~ is 

9r 9r+l 


gr+r “ (2r+l)yy^-j?^7^_, 






(2; +l)y— X 


9r 


which can be made as small as we please by increasing r. 

We can therefore from (v), Q being finite, make Rn as small as we please by 
taking n sufficiently large ; but if P and Q be both integers, Rn must remain an 

integer whatever value n may have; thus if - be rational, ? ^=tan^^ must be ir- 
rational ; but tan ^ =1, so that ? cannot be rational. 


The above is in substance Lambert’s demonstration ; alterations have been made 
in points of detail &(u and the notation has been changed. 

It may be noticed that the proof does not (as of course it should not) hold good if 
P and Q be infinite integers ; for we cannot make Rn as small as we please in (v) 
if Q be infinite. 
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Legendre prores a theorem which is easily seen to follow directly from Lambert’s 
mode of investigation, viz. that if in the continued fraction 

^ (extended to infinity), 

, regal ded as fractions (at i . . /3i . . ., all integers), be all less than umty, 




then, whether /3„ . be all positive or all negative, or some positive and some 

negative, the value of the continued fraction is irrational. He also remarks that 

must be irrational; for if it =^, we should have, from (i), since tan 7r=0, 

n 


5n — 7 — 9«— &c. ^ 


and as after some value of r the fractions 


(2; 4-1)/!’ 2r+3 


, &c. must be less than 


unity, 3 must be irrational if m and n are integers, whence tt’* is irrational. 

The expression of tan v in the form of a continued fraction Lambert obtained by 

/y 3 2^2 

treating sin v or v— - — -f. . . and cos v or I— = — -+. . . in a manner analogous 

1-^.0 1,2 

to that in which the greatest common measure of two numbers is found in arith- 
metic ; and Legendre deduced it from a more general theorem he had proved with 
regard to the conversion of the ratio of two series into a continued fraction. 
It may be obtained very simply by forming the differential equation corresponding 
to y SB A. cos ( V 2a;-|- B), viz. 

y-f y'-f2a?y"s=0, 

whence y(‘)4-(2t-l-l)y^‘‘’'*^4'2a;y(*+2)=0 by application of Leibnitz’s theorem. 

From this we have 

y'^ -1 

y 

y" _ -1 


y' 3+2 xC’ 


&C , 

therefore 

{V(2.)+B} = ^ , 

whence, after determining B by putting x—0 and writing ^/(2x) = y, 

. V r* 


6-&C. 


tan i'= 


V V 


1_'3_ 5-&c‘ 


That Lambert’s proof is perfectly rigorous and places the fact of the irra- 
tionahty of tt beyona all douot, is evident to every one who examines it carefully ; 
and considering the small attention that had been paid to continued fractions pre- 
viously to the time at which it was written, it cannot but be regarded as a veiy 
admirable work. 

From the continued fraction 

c"4-l_ 1 1 1 1 

2 1— Gw-iq- lOn-i + Scc.’ 

Lambert showed, in the same memoir, that e” is irrational, so that the Napierian 
logarithm of every rational number is irrational. 

1 

We can obtain a little more information about the irration^iity of for we have 


1 1 1 

2 2x—l-j- 6x4- 10x4-&c. * 
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Now any continued fraction in which all the numerators are unity and aU the 
denominators are positive integers must circulate if it be the development of an ex- 
pression of the form A4-B\/C , so that we see that when x is integral, cannot 
be of this form. 

Taking the expression for the tangent in the form 

1 1 




X ^r+ 1+ 3a?— 2+ 1+ 6a?— 2+&C. 
we see that when x is an integer, cot — is irrational, but cannot be of the form 
A+BVC. 


1 / 1\ 1 ^ 2 
Also, since cosec — = \/ 1 1+cot*- ), and sec— = ^ ^ ^ r sm- 

X ^ \ x/ X ” 1 ^ X 

cot — 


and 


X 


cos — cannot either of them be rational unless cot - is of the form B v^O, which 

X I , X 

not being the case, sm- and cos - are irrational, and cannot be of the form B v^C. 

X X 

Since cos— =2cos^ — — 1, cos ^cannot be rational unless cosi=Bv^O, which 

XXX X 

would require that cot 1 = ^ a form which we have shown it cannot 

^ X \/ 

2 ^ 

have ; so that cos - is irrational Similar results hold good for the hyperbolic 
X I i 2 

sine and cosine, that IS to say, *), '*^),and •*') are irrational. 

It may be remarked that it is easy to show that sin - is incommensurable from 

1 X 

the senes 5 foi if sin - = -, then {q even, as of course we may take it) 

£ = _L_+ V■)^» 1 +(-)' 1 

q X 1.2. 12 (g-l)a?^-* 1.2 (y-j- l)a?«+^ 

whence, multiplying both sides by (1 . 2 . q)x^-^, 


■H • • J 


p{\ . 2. *= integer 


1 




Xq + l)x^ (9 + 1 )(?+ 2 )( 94 - 3 )^‘ , , 

and the series on the right-hand side must be intermediate in value to - — 

1 {q+^)x^ 

and 7 — r-TTT — rrrrT — : therefore fractional , thus we have 


(9 + l)(7-h2)(g4-3)x‘ 

1 . 


integer = integer -f fraction 


if sm- is commensurable. An exactly similar method proves the irrationality of 

11 O ^ ^ 

cos gives no result when applied to cos- or \(e^^e *). It is 

probably true that both the sine and cosine of e\ery rational arc are irrational, 
though no proof of this has, I believe, been given ; and there is, as Legendre has 
remarked, very little doubt thatn- is not only not the square root of a rational quan- 
tity, but also not even the root of any algebraical equation with rational coeffi- 
cients, although the demonstration of this seems difficult. Similar remarks may be 
made with respect to e. 

* This expression can |>e deduced from (i) by transforming the terms of the latter thus; 


1 + 


B-l 
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An instance of the application of Lambert’s principle is afforded by a theorem 
of Eisenstein (Crelle’s Journal, t. xxix p. 96), viz. 

1+1 + 1+ L+. . Jr!!, 

z z^ z“ 1— z— z— z^— z“ — &c. * 

whence the series is always irrational when z is an integer greater than unity. 

The series — — — i--f. . can be converted into the continued fraction 

flg fl4 

*1 2 3 2 

— £j ^ ^2 ; SO that if after any finite value of r, is 

®i+ «2— ai+ flg— 02+ a^ — a^ + 8^c. 

always less than Or+i, the sum of the senes is irrational. Also from the equality 

1 h 

F, * 6,-)- 6^ — 1+ 63 — 1 + &C. 

we see that if after any finite integral 6r+l is always less than br+i, the sum of the 
series is irrational. 


On the Calculation of e {the base of the Napierian Logarithms) from a 
Continued Fraction By J. W. L. Glaisher, B,A , F R A S. 

The series by which e is defined, viz 

1 . 1 ' 


1 + 1 + 


1 2^1 2 


3+ 


( 1 ) 


18 of a very convergent class, so that it would be reasonable to expect that no 
better formula could be found for its calculation. Taking the series in the form 


i-!=i- 

e 


-Jl- 4-_ 

1 2^1 


2 3 


and throwing it into the form of a continued fraction by the usual method, we 
have 


1-i- 

e 


1 1 


1+ 1+ 2+ 3+.... ’ 

and from the manner in which the continued fraction is deduced from the senes, it 
is clear that the «th convergent of the former conesponds to n terras of the latter. 
There is, however, a far more convergent fraction from which e can be computed, 

VIZ 

6-l_ 1 1 1 1 . 

2 1+ 6-h 10+ 4« + 2 + . ' • • • • W 

a formula given by Lambert (Beilin Memoirs, 1761), who obtained it by per- 
forming on — an operation similar to that affording the greatest common 

measure of its numerator and denominator. Another investigation is given by 
Legendre m the Notes to his ‘ G^om^trie ,’ and this is reproduced in the Notes to 
the French translation of Euler’s ‘ Introductio ad Analysm.’ It can also be very 
easily obtained from the differential equation 


y- 


dy 

dx 




corresponding to as the fraction for tan y was found in the previous 

paper. 

The continued fraction (2) is much more convergent than the series, and I 
was tempted to calculate the value of e from it for two reasons — (1) In order to 
practically test the advantages of a continued fiaction and a senes as a formula for 
calculation with respect to the arrangement and performance of the operations ; 
and (2) to decide between two different values of e which have been given — the 
one W Callet in all the editions of his ‘ Loganthmes Portatives,’ and the other by 
Mr. Shanks in his ^ Rectification of the Circle,’ and Proc. Roy. Soc. vol. vi. p 397. 
The several convergents to the value of e also seemed to be of value. 
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Taking (2) in the form 

1,211 /q\ 

+ 1+ ^ lo+T' ^ ^ 

and writing the convergents so thatj^, =1, Pi, — ^ v 

?i ?a 

the convergents were calculated as far as ^ (which corresponds to the quotient 
150) The following Table contains the values of the convergents as far as 

S'ao 

Pn ?« 

3 I 19 1 7 


193 
2 721 
49 171 
1 084 483 
28 245 729 
848 456 353 
28 875 761 731 
1 098 127 402 131 
46 150 226 651 233 
2 124 008 553 358 849 
106 246 577 894 593 685 
5 739 439 214 861 417 731 
332 993 721 039 856 822 081 
20 651 350 143 685 984 386 753 
1 363 322 103 204 314 826 347 779 
95 453 198 574 445 723 828 731 283 
7 064 900 016 612 187 878 152 462 721 


71 
I 001 
18 089 
398 959 
10 391 023 
312 129 649 
10 622 799 089 
403 978 495 031 
16 977 719 590 391 
781 379 079 653 017 
39 085 931 702 241 241 
2 111 421 691 000 680 031 
122 501 544 009 741 683 039 
7 597 207 150 294 985 028 449 
501 538 173 463 478 753 560 673 
>5 115 269 349 693 807 734 275 559 
2 599 031 470 043 405 251 089 952 039 


= 5 933 736 817 524 490 649 943 748 885 310 086 922 977 536 976 487 014 058 103 
672 162 883, 

:2 182 899 784 489 322 239 844 266 493 459 455 750 162 013 065 305 797 591 300 
833 210 159 


Since 


= ^ 4 - ( ^±1 M 


?n+l9rt+2 


we see that 5 differs from — bv less than — ^ — , if n=89, — - — =(134 ciphers) 

272 . . ; so that 136 figures of the result obtained by dividing by <^39 are cor- 
rect. On performing the division to 137 places and applying the correction for 


, the value of e was obtained to 137 decimal places, viz. 

q q^^i 

" 6=2 71828 18284 69046 23636 02874 71362 66249 

77672 47093 69996 96749 66967 62772 40766 
30363 64769 46713 82178 62516 64274 27466 
39193 20030 69921 81741 36966 29043 67 ., 

which agrees with Mr. Shanks’s calculation obtained from the series 

<=l4-l+T — n*!”! — • • 


1871. 


2 
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to the last figure j there is therefore no doubt of the accuracy of the result to this 
extent. 

The value dven by Callet, in the introduction to his ‘ Tables Portatives/ starting 
with the ninth group of five, is 

. . . 40928 08355 51550 68417 2 . . ; 
and these figures should be 

. .47093 09995 95749 00907 0 ... 

The thirty-ninth convergent to tlio continued fraction (3) gives a result as accu- 
rate as that* found by summing the first ninety terms of the scries (1) , but there 
would be no great disparity between the absolute number of figures formed in the 
two calculations. The computation of the convergimts was, however, far preferable 
in point of aiiangenieiit ancl convenumco to the calculation of the successive terms 
of a senes , foi not only were the di\ isions in the latter ri'placed by multiplications, 
which are far more compact, but the woik in the forniei case ran straight forward 
and required no copying of lesults There is also another very great advantage in 
the continued fraction the great difficulty of perfoiming a piece of work to a consi- 
derable number of decimal places is the inconvenience caused by the length of the 
numbers, and in the abo\e calculation we get roughly 2n figures of the result 
without 01 er having to use a number more than n figures long in the work thus 
and contain each 07 figuies, and by dividing them we obtain 138 figures 
of the result , this advantage is due to the fact that all the numerators iii (3), 
except the first, are equal to unity. It may be remarked that the final division 
was tlie most laboiious pact of the work, the calculation of and q^^ required 
barely 13,000 figures, tlie division about 18,000 

We can compare the number of decimal places afforded by (3) and (1) when « 

18 large as follows • — The number of plnci'S _ yields* is equal to the greatest in- 

Qn 

teger contained in 


log 




! = log[4{l (1 (■1«-0)}{1 0 


= log {1.3 (2«-l ) pj = log 1^. 

= logf . j I n _ 

[_ G4n I j J 


22n 


-6 


n 


2” 2n I r( 2 n-|-l) I 2 
( r(n-fT) j 


(after substituting \/27^/^w”c~” for r(n-|-l)) 

= log j ^*^0 j -h (471-6) log 2— log 71 , 


and the number of places obtained from n terms of (1) is equal to the greatest 
integer m 

log r(n)=« log +] log 277 -] log 71 , 


so that the wth convergent to the continued fraction gives more than twice as many 
decimal places as ti ternw of the series. 


On cerkan Families of Surfaces. B 7 j C. W. MERRiriELD, F.R S. 

The author had already shown that conical and cylindrical surfaces not only 
satisfy the general equation of developable surfaces in differentials of the second 
order, 

rt=s^f 

but also that on passing to the differential equation of the third order, there are 
two equal roots in the case of conical surfaces and three equal roots in the case of 
cylindrical surfaces. 


* See Proc Roy Soc. vol. xix p 514 
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An examination of tlie surfaces described by the motion of a plane parabola ot 
any order with its diameters paiallel to a fixed right line showed that the con- 
dition of a pair of equal roots in the equation of the third order, 

considered as an equation inX, was satisfied by all sui faces traced out by a plane 
parabola moving parallel to a lived line and enveloping any ciuve in space what- 
ever. As singulai cases, lie noticed the spindle made by cau'^ing a paiabola (whether 
fixed or of variable size) to rotate round any diameter, the ruled siiiface with a 
director plane, and deielopablo sui faces 

He also showed that wlum three of the roots were equal, the surface necessaiily 
reduced to a plane oi a cylinder 

These results are, howevei, restricted by the method of generating the surface 
In fact, for the ease of three equal roots, when the partial differentials of the third 
order are in continued propoition. Mi Cayley has shown that the resulting equations 
can bo integrated and that the integration gives a more geneial result 

Note hj Mr Cayley. 

The general integral of the «'quations 

« _ /3 _ 7 
(3 y 8 

can be found, viz gives ?=funct s, and — gives s= funct t But 

/3 y ^ y S 

r= funct. .s is integiated as the equation of a ilovi'lopable suiface (p instead of z), 
VIZ we have, say, 

p-=ax-\-hxj-\-<j (a and y fuiutions of /i) and 

o=“'‘ '^-i) 

Similarly .s= funct t gives 

<j = AiT-j- t)y 

!>= x+h;j+f, 

Observe that tlie constants have been taken so that =4; but in order 

f/y (lx 

that A may mtho two pairs of equations mean the same function of x, y, we mu''t 
have a'= — x= that is 


b' f 


dh ^ y'dh 


or writing a = (^hj (/=x^) have 


p — X(ph-\-yh-^X^h ' 

whcie 

x(p’h^y^^'h—0 

The last equation gives h as a function of a?, y , and the values of p, y are then 
such that dz=p(lx^qdy is a complete difteiential, so that we obtain by the 
integi’ation of this equation A simple example is 

— Ax-f-y log A, Ax-y=0, 

that IS 


whence 


9=-y4.ylogy, 

^ I X 


1 O 1 y ^ q 

Z-= - \r log ^ - y2 


2 * 
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We have 




X = 





ftnd ^ ^ V as it should be 

/3 y 6V xJ' 


1 

y 


Oil Doubly Duni 'tral Quartan Curves 
By F. W. Newman, Emeritus Professor of University College, London. 

This paper aimed to detail the form of the curves, and point out the simplest modes 
of investigating their peculiarities ft distiibuted the general equation into three 
groups of five, fiv'e, and four families, and was accompanied by seventy-six diagrams 
If we call 

Aa ' By ' +2Ri' +2Fy2 +0 =0 

the general equation, the first group of five families is when A or B or both vanish, 
the second gioup when D or F or both vanish, and these together nearly include 
all the forms For in the thud group, from which either no term of the original 
equation vanishes, oi only C, three of the families are at once reducible to the se- 
cond group bv putting either \p-\-f'^—y''^, else then the proposed curve 

of ixy^ IS visibly at most a meie variety of the preceding, being either of the same 
species with, or of a lowei species than, that ot {if) or of {x'y) In the case of 
F= this reduction is impossible , but then by operating on :r 
instead oi y, it becomes possible unless also A=a^, E=— that is, the method 
fails only when A, B, D are of one sign, and K, F of the opposite The analysis, 
thus limited, readily yields the same lesult, that the forms have nothing new 
A cioss division of the ^ecies is into Lmiited and Unlimited loci All are Oen- 
tnc, the origin being the Centie Finite forms are Monads, Duads, and Tetrads. 
Monads are — 1 A symmetrical oval (say, a Shield), as trom 

"h ^ + Ux~ = ni ' 

2 An Oval with undulating sides (Uio/ or Bumb-boll), as a^y^ = {m‘^ — P ){x'^-\'7i^) , 
3 A IjQmm'^ca.toov Double Loop, m a~t/^ = [ni'^ — x‘‘)x‘^ 4 A Scutcheon, 

with four sides undidatiiig, us ^^y'^—f ^ — x^ ){x^ ),when n"^, and 

f^<mn 5 Oi ah tn Contact, us = {in'^ — i^)x'^ C Pointed Hearts, crossing 
obliquely at the centre, as 

2 _____ 2 

when 2mn, and 5^ ^ 7 Health in Contact , the same equation 

'‘Imn 

as befoie, only with 8 Into sectinq HcarU, as 

* 2w?n 

^‘^y^ ~x^ }(x'^ 

whenm^-^n^ 9 Intel secting Ovals . the same equation as in 8, only with 

All curves are here deenl^d Monads which can be diawn without taking the pencil 
off the papei 

Uuaas are . — 1. Twin Ovals (not singly symmetrical on opposite sides), as 

=z(m‘^ — x'^){x'^—tP) 

2 Twin Beans (or Hearts, Dicuamos) 3 Pair of Sandals (Disanclalon) this has 
always two double tangents parallel, y et the disposition of the four points of con- 
tact IS not the same in all cases ( They form a rectangle when 1)=0 , they are in 
lines diverging from the centre when F=0 ) 4 Pair of unsymmetncal Lemniscates, 
which I caU Pour Kites. 

Tetrads can only consist of unsymmetncal Ov^als, symmetrically disposed 
Of the infinite curves, one very limited class may be called Parabolic, those m 
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which B=0 and D=0, which reduces the equation to the form a*y-= a"* A., 
when the locus is infinite. It has as curvilinear asymptotes the Proximate twin 
Parabolas, a^y‘^=:{x^-\-hy. The Species are — 1, Twin Goblets \ 2 (when their 
vertices unite), Pointed Goblets or Knotted Paiabolic Hour-glass, 3, Parabolic 
Hour-glass ; 4, Perforated Hour-glass (with disk in centre ) ; 5, Hollow-bottomed 
Goblet. 

When A=0, we may have asymptotes parallel to the axis of x, and when B=0, 
to the axis of y Such cun es must be treated apart When a Quartan Hyperbola is 
confined between parallel asymptotes, I call it an Arch, Round-headed or Hollow- 
headed, as the case may be , they are found, of course, m pairs A Quartan Hy- 
perbola which is confined within diverging asymptotes like the Conic Hyperbola, 
I call a Basin , when it crosses or otherwise envelopes its diverging asymptotes, I call 
it a Cup Cups and basins may be Round-bottomed or Hollow-bottomed Again, a 
Quaitan Hyperbola may lie between an oblique and a vertical asymptote , I^then 
call the Hyperbola itself Oblique, eqiially when it lies between two asymptotes of 
different systems Such an Hvpeibola may cut one, and only one, asymptote , then I 
call it Pai afomous if it cut both, it is an Oblique Cup. Cups may be Pointed at 
bottom and unite , they may be also in Contact at bottom, or they may intersect 
Vertical and horizontal asymptotes dev elope other and simpler forms. Conchoids, 
grouped in pans, generate one class, axaXAiches another Arches may intersect. 
Basins also may intersect sideways , I call this Paratomy. Such are the elements 
(adding only Studs or Conjugate Points) of which all the loci are composed 

Four Iljperbolas, of whatever class, are the utmost that can arise as locus of a 
Quartan equation , whether in .squaie, each in one quadrant, or as Cross Arches, 
or as Oblique, or Oblique and Paratomous, or as around and crossing the axes, or 
between uns} mmetrical asymptotes, or it may be Cups instead of Basins. 

In the midst of these infinite curves, some one of the Monad or Twin Ovals 
are often found as Satellites It must be added that when AB=D^ and the 
locus IS infinite, wo find Oblique Parallel Asymptotes, and even, related to them. 
Oblique Paratomous Arches. 

Such IS the general desciiption of the forms The invesiigation is simple 

We know that a stiaight line can cut a Quartan at most in four points This 
often shows what forma are impossible. 

A 1) E 

Put V= DBF , then by Conics we know that if V=rO, our general equa- 
E F C 

tion will degenciate into the product of two quadratic factois Besides, if A, B, C 
are positive and E, F negative, and E-^r^AC^, F^=BC, the equation degenerates 
into two ellipses 

If F^=B(J, and B, F have opposite signs, the curve crosses itself (in a Knot) 
where x—0 and B?/4-F=0, but if B, F have the .same sign, the Knots become 
Studs Thus if E^=AC, and F^=BC, but E, F have opposite signs, there are two 
Knots on one axis and two Studs on the other 

We find wheie the curve crosses its axis, by putting Aa^-l-2Ei2-l-C=0 when 
y'^—0, and By^+2Fy^-|-C=0 whena^=0 Then if AC is positive, E must be ne- 
gative, if there be any veitex in OX If AC is negative, there are two vertices. 

Put T = Kx ‘ + 2 Da ■* + B// , 

• T+(2E^a3-l-2Fy+C)=0 

IS the equation to the curve. When T is essentially positive, the curve is finite. 
This happens when A, D, B are all of one sign, or when AB — D®*^ 0 

When A=0 and B=0, the curve is finite only when D, E, F are of one sign. If 
B=0, 

_ 2 _ Ai‘+2Ea2+C 
^ 2Da^+F ^ 

and the curve is finite when A, D, F are of one sign. If D and F are of opposite 
signs, there are asymptotes parallel to y, viz. 2Da^-l-F=0. Indeed now 

T=(Aaf^-|-2Dy^)a:® ; 

thus, if A and D have opposite signs, Aa^4-2I)y2=rO are oblique asymptotes. 
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When A, I), B are finite, solve the equation for y\ regarding B as positive. Put 

/7=D*’-AB, 7t^I)F-EB, ^=F--CB , 

By-^-|-l)x^+F=: + 

For — AB>0, we maj assume </=l ; then for the wp^per sign we get, as Proxi- 
mate Conic Hyperbola, if 1) be ^1, 

Byi2+D.r"-fF=a:2+A 

If I) 13 negative, we have a second Proximate Conic for the lower sign, 

ByjHl)^'+F=-ar'-A 

Of course the asymptotes are By'^-f-DC= + ?2, or only By^+I);r'^=i'^. 

If — AB=0,’ <7=0, and the cuive is infinite only when h is positive . then 

if D IS negative, 

By,'*+ l)a;=+ F= + s/ (2/Oa 

IS two Proximate Come Hypeibolas, and the asymptotes are oblique and parallel in 
pairs , they do not pass through the centre, but are equidistant fiom it. 

F\idently if C = 0 and K, F ha\e opposite signs, the cur\e ciosses itself in the 
centre; but if C = 0 and E, Fhave the same sign, the centre is a mere Stud. 

An undulation of the cui\e implies a double tangent Such double tangents 
aie always paiallel to one axis. [I desire a geneial proof ] There can be only 
two pairs parallel to one axis To ascertain whifilier theie is undulation across 
OY, p\it a;‘*=0, and tr> whether y- is there a maximum or a minimum 
Making x' infinitesimal and k positive (which is implied). 




sjk' 


thus for upper sign, 


x''- 

• 77; 


whence is a minimum at a;2=0 it 0, a maximum if — 1) ^O. Yet 

when = 1), is a minimum at j =0 if gk—h^> 0, or a maximum \igk—h^ < 0 

Y ^ 

Now qk—h‘^ = V>\, and we cannot have V=0 witliout degeneiacy. Hence this test 
18 final Also 7t=l) xjk is equivalent to BE- — 2I)EF-|-CI)^=0 

It the branch we aie investigating is infinite aiidy^isamimmiim, there is no un- 
dulation, but if is a maximum, it begins to deciease, yet must afteiwaids in- 
crease, hence theie undulation On the contiaiy, if the upper branch be^^'m^e 
and y^ be a maximum, there is no undulation , but there is undulation if y^ be a 
minimum 


In general, for tangents parallel to the axis of x, putting 


dy 

dx 


vious solution x^O, wlien theie is a vertex on the axis of y. 
hav 0 a double tangent where 


= 0, we have the ob- 
Besides this, we may 


1) s/ [gx * + -f- A ) = gx ^ + h, 


which yields ~ 

gx^ -fi A pd~ gk 

"TY \/ 


V {gx ‘-f 2hx^ + k) =By ^ + Da'*'* -f F. 


Hence at the points of contact 

ya;-+A=+I)V— + V(— AV), 

if A'=HE-rA. 

When T = (W— the curve has oblique asymptotes, \^x^—g^y^. 
To try whether it ever cut its asymptotes, put y =yo , then at the common point 
and 2Ea;’-f'2Fy2-f C=0 If the x, y hence deteimined is within the 
limits of the curve, it does thus cut , if not, it does not. 
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If T =(\‘-^a?3 _ jLi3y3)(p2ar2— o-^y2)jthere aro two pair of oblique asymptotes, 
p 2 a* 2 =; 0-2^3 ^ Ijy combining either of them with the second equation, 

2Kr^+2Fy»+C = 0, 

we decide on Paratomy 

When the general equation is given to us m this form and we desire to find the 
Proximate Conics, the most direct method is to assume |li^=1, <t' = 1, and 

-M)(y2 - _ N) = T +2(Ea?2 + ^ 

whence 

X2N+p2M=2E, -1 

N+ M=-2F,/ 
or 

2(E+FX^) 

p2_X2' ’ 

-N= 2(E^p_^} 

p2-X2 ' 

Then the Proximate Conics are 

y,2_X2^2=M, 

y/_pV = N. 

These arc closei indications of the infinite branches tlian the asymptotes PutMN =C', 


A 1) E 
1) B F 
E F C' 


=0 


But in general it is expedient to put X=ya:‘-f"2//a:"+7», and study tlio \anations 
of X in the equation y'X In many cns{^s the lowei sign is in- 

admissible, 111 most it is more resliich'd than the upper Wlien we have only the 
upper, evidently there is no undulation acioss the axis of a’ , foi t/^ lias then but one 
positive value ^or any given value ot a. 

The forms of X are as follows — 


Xj = n"(;n^— ] 

X, = ?r(j’“+m2), 

Xg =nfp—m0, 

1 

II 

X,, = + nd )(a:2 +?r’), 



X, = (a‘ + w0a2, 

X^y = {x'^-ni‘^)x^, 


X^ = (ir‘+nj2)^d-w‘, ^ 

Xj , = (a’ — 


Jtemarhs on Nai>ier''b oinjmal Method of Logarithms, Bij Professor Puhseh. 


On Linear Differential Equations Bij W. H. L. Bussell, F ]i S. 

The object of this paper was to explain the piogiess the author is making in his 
theoiy for the solution of Linear Ditierential Equations, especially when the com- 
plete integral involves loganthmic functions 


On MacCuIlagEs Theorem. Bij W. H L Bussell, F.liS. 

This paper was intended to simplify the process given by Dr Salmon to prove 
MacCullagh’s theorem relative to tne local properties of surfaces of the second order. 


Note on the Theory of a Point in Partitions By J. J. Sylvester, F ll.S. 

In writing down all the solutions in positive integers of the indefinite Equation of 
Weighty a?*f2y+32:+ . =m, or, in other words, in exhibiting all the partitions 
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of n any integer greater than zero, it may sometimes be useful to be provided 
mth an easy test to secure ourselves against the omission of any of them. Such 
a test is furnished by the following theorem — 


2(l—x+xy—xyz ..)= 0 . 

thus, ex ^/“.jif a?+2y+3z+4^+ . . =4, the solutions are five in number, viz. 

(1) y=2, 

(2) <=1, 

(.S) a?=l 2=1, 

(4) ir=2 y = \, 

(6) x=4, 

the values of the omitted variables in each solution being zero. The five corre- 
sponding values of 1— a? + ay aie 

1, 1, 0, 1, -3, 

who'^e sum is zero 

The theorem maybe proved immediately by expressing the denumerant (which 
IS zero) of the simultaneous equations 

/ a:-f‘2y+3z+ "I 
la’+y+z4- =0, j 

in terms of simple denumerants according to the author’s general method, or by 
viitue of the known theorem, 

= 1 ^ ^ I j- 4“ 

(1-0 (1-0(1 (I- o( 1 - <!0( r- p) (T- 0(1 - <0 (1 (1 - 


This gives at once the equation 

1 _ t 

(i_<)(i_<2)(i-i{0 (i_^)2(i_:^2)(i_^3) 




=1 


Hence the coefficient of in the above written series for all values of n other than 
zero is zero But it will easily be seen that the coefficient of in the first term is 2l, 
in the second term 2x, in the third 2xy, &c , so that 2(1— x+xy ) =0, as was to 
be shown Thus we have obtained for the problem of indefinite partition a new 
algebraical unsymmetncal test supplementing the well-known pair of transcen- 
dental symmetrical tests expressible by the equations 


2 ?(?d:y±^ )= 2 «-i 

il I fly IIz . ’ 

(2-)x+V+;r n(£±y±i_)=r0*. 

Ux ny Uz . 


* Subject of course to the conditions that n is greater than 1. If x, y, . , w repre- 

sents any solution in positivejntegers of the equation 

xq-2y-j-3z . 

it 18 easy to see that 

2 (_)x+y+ +!I(^1± ±!!i) = l, -1, or 0, 

rixlly IIw 

according as n, in regard to the modulus r-f 1, is congruent to 0, 1, or neither to 0 nor 1, 
for the left-hand side of the equation is obviously the coefficient of x" in the development of 

1 ^ ^ 1— X 

l-f-x-|-x^ . -1-x*’’ I— x’'+^ 

On making r=co , this theorem becomes the one in the text. It obviously affords a 
remarkable pair of independent arithmetical quantitative criteria for determining whether 
or not one number is divisible by another 
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The identity employed in the text is only a particular case of Euler’s identity, 

which is tantamount to affirming that the number of partitions of n into r distinct 
integers is the same as the number of partitions of n into any integers none greater 
than r, in which all the integers from 1 to r appear once at least. It has not, I be- 
lieve, been noticed that these two systems of partitions are conjugate to each other, 
each partition of the one system having a correspondent to it in the other. The 
mode of passing from any partition to its correspondent is by converting each of its 
integers into a horizontal line of units, laying these horizontal lines vertically under 
each other, and then summing the columns. Thus, ex. gr , 3, 4, 6 will be first ex- 
panded horizontally into 

I 1 l' 1, 

11111 , 

and then summed vertically into 

3 3 3 2 1. 

This IS the method employed by Mr Ferrers to show that the number of partitions 
of n into r, or a less number of parts, is the same as the number of partitions of n 
into parts none greater th.in r, and is, in fact, only a generalization of the method 
of intuitive proof of the fact that 

mXn—nXin, 

the difference merely being that we here deal with a parallelogram separated into 
two conterminous parts by an irregularly stepped boundary — one filled with units, the 
other left blank, instead of dealing with one entirely filled up with units. 


On the General Canonical Form of a Spherical Harmonic of the nth Order. 

By Sir W. Thomson, LL D , D C L , F R SS. L ^ E. 

Let H, (a’, y, z), (x, y, z) . , or for brevity H, H', &c , denote 2f+ 1 inde- 

pendent spherical harmonics of degree t, that is to say, homogeneous functions each 
mlfilling the Laplace’s equation 

cl-J ^ ' 

The formula 

AH+A'ir, &c, (2) 

where A, A' are constants, is a general expression for the harmonic of degree t ; 
but it is not a “ canonical ” expression. Borrowing this designation from Mr. 
Clifford’s previous paper, wo may define as canomcal constituents for the general 
spherical harmonic of degiee i, any set of particular distinct harmonics fulfilling 
the following conditions — 

JJhIT da=0, JJH' H"(/<7-=0, &c (3) 

JJf/o- denotes integration over any spherical surface having the ongin of co- 
ordinates for centre Supposing now that H, H' . . . actually fulfil these condi- 
tions, let it be required to find, if possible, another canonical form . . .). 

Try 

5[^=AH+A'H'4-&c., 

B' H'-h&c. 

Then, (3) being taken into account, <f(r=0 gives 

AB+A' B'+&c.=0. 

Hence the normal linear transformation, with (2t4-l)’ coefficients 

A, A', A”, .... 
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subject to the t (2 j+ 1) equations 

AB+A' B'+A"B"=0 
AC+A' C'-f A" C" = 0 
BC+B' C'+B" C"=0 


gives, from any one canonic* group, anotliei indeterminately To find the degree 
of indeterminateness, let absolute magnitudes in canonical forms be luled by the 
conditions 

JJ H" rf<r=jj H"rfo- = . . = 1, 

. = 1 , 

we have therefore 

AHA'^-f A"^+. . 

+ . = 1 , 

as in the ordinary transfoimation of rectangular axes in three dimensions. These 
2t-f 1 equations with the t (2i+l) previous, amount in all to (?4-l) (2*+l) equa- 
tions of condition among (2^-f 1)^ coefficients, leaving t (2«-f 1) independent vaii- 
ables. 

The only canonical form hitherto generally recognized is that of Laplace; con- 
sisting* of 2i-f-] polar haimonics, of which 1 is zonal, 2 (? — 1) are tessaral, 
and 2 are sectoiial In the discussion which followed Mr. Oliflord’s paper on 
this form^ I remarked that it seemed to be a singular case of the general canonic ; 
notably singular in this respect, that foi any one of its constituents the nodal cone 
consists of circular cones naving a common axis and planes through this axis 
The nodal cone of any spherical harmonic of degree i is an algebiaic surface of 
degree 2i+l, and I proposed the question, can canonical forms not be found in 
which the nodal cone of each constituent is not ri'sohahle into circular cones and 
planes This question is answeied by the piesent comimmication 

[A diagiam was roughly sketched on the uoaid, to illustrate the nodal cone of a 
harmonic diflenng mlmitely little fioin a tessaral hainionic , which, with 2i others 
differing infinitely little from the other 2e— 3 tessaral, the two si'ctoiial, and the 
zonal, constituting the polar canonic, would constitute a geneialized canonic ] 


General Physics 

Account of Experbnents upon the Itcsistance of Air to the Motion of Vortex- 
rings. Bif VonYAii Ball, A.M , Piofessor of Applied Mathe- 

matics and Mechanism, Boyal College of Science for Ireland. 

The experiments, of which the following is an abstract, wore earned out with 
the aid of a grant from the Jloyal Insh Academy. A paper containing the results 
has been laid before the Academy. 

The author proposed to bnng this subject before the Association in older to elicit 
discussion lie would greatly value any suggestions as to the direction in which 
future expenmental researches would be likely to prove fruitful. Such suggestions, 
though acceptable fiom all sources, would come with peculiar usefulness from 
those who are conversant with the profound hydrodynamical problems of vortex 
motion 

A brief account of one senes of the expennients, and a Table embodying them, 
will be given 

Air-rmgs, 9 inches in diameter, were projected from a cubical box, each edge of 
which is 2 feet. The use of this box was suggested by Professor Tait (see a 

* Thomson and Tait’s ‘ Natural Philosophy,’ § 781. 
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paper by Sir William Thomson, Phil. Mag. July 18(17, also a paper by the 
Author, Phil Mag July 18G8). The blows were delivered by means of a pendulum 
called the stiiker, which, falling from a constant height, ensured that the rings 
were projected with a constant velocity In the experiments described m the 
present senes, tins velocity was somewhat over 10 feet per second. The pendulum 
was released to deliver the blow from a pair of forceps, each jaw of which was in 
connexion with a pole of a battery After the ring had traversed a range varied 
from 2 inches to 20 feet, it impinged upon a target The blows upon the target 
closed the ciicuit, which had been opened at tiic release of the strikei. An 
electric chronoscope (devised, it is belie-ved, by AVheatstone) measured the 
interval of time between the release of the striKer and the impact upon the 
taipet 

The target was placed successively at distances of 2, 4, G, 8, 10, 12, 14, IG, 18, 20 
feet from the orifice of the box. Not less than ten obsei vations of the time were taken 
at each lange. The probable error of the mean time at each lange is in every 
case less than 1 per cent of the whole amount A special seiies oi expenments, 
wdiich need not bo described, determined the value of the chionoscope readings in 
seconds 

The observations are next represented in a curve, of which the abscissco are the 
ranges, and the ordinates the coi responding mean chionoscope readings 
drawing tangents to this cuive, the velocity of the ring at its dillerent points is 
approximate!} found 

A second piojection is made in which the abscissm are the ranges and the or- 
dinates are the v elocities , the points thus deteimmed aie appioxiinately in a straight 
line 

It follows that the rings aie retarded as if acted upon by a foice proportional 
to the velocit}, and an appioximate value of the numerical coeflicient becomes 
known. 

A more accuiate value having been deteimmed by the method of least squares, 
the results aie embodied in the following Tabh* (p 28), of which a description 
18 fust given Tlie Homan letteis lefer to the seveial columns of the Table 

I contains a senes of numbeis foi convenienco of lefeience 

II It was found tliat the motion of tin' iing in the immediate vicinity of the 
box was innuenced by some distuibing element. The zeio of lange was therefore 
tak(u at a jioint 1 feet distant fiom the oiihce This column contains the ranges 

III The interval between the lelease of the stiikei and the ariival of tlie ring 
at a point 4 feet tiom tlie oiihce is G 5 chionoscopic units, oi about 0 if f second 
Tins constant mint bo subti.ictixl fioni the mean leadings of the time, m order 
to reduce the /(*io epoch to the instant when the ring is i feet from the orifice. 
This column contains the mean leadings of the chionoscope coriected by this 
amount 

IV When the ranges ai(‘ taken as abscissm, and the conesponding times as 
ordinates, it is tound that a curve can be drawn through or neai all the points 
thus produced To identify tlu' points with the cuive, small corrections are m some 
cases reqmied. These collections aie shown in column IV In the case of experi- 
ment 5 the collection amounts to 0 7 , this is about 0 09 second The magnitude 
of this erioi appeals to show that soiin* deiangement, owing possibly to a current 
of an or othci souice of irrc'gularitv, has vitiated this result Tor the sake of 
uniformity, however, the corrected value has been letained 

V. Tins column meiel} contains the collected means, as read off upon the curve 
deteimmed by the points 

VI. The value of the chronoscope unit after the first few revolutions is 

0 1288 second, 

with a piobable error of 0 0002 second. By means of this factor the coiTected 
means m column V are evaluated m seconds m column VI. 

VII This column contains the time calculated on the hypotliesis that the rings 
are retarded as if acted upon by a force propoi tional to the velocity, the coefficients 
being determined by the method of least squares , the formula is 

^=901G-G251og (27 7-s) 



Table of Experiments, showing the retardation which a Vortex-nng of air experiences when movmg through air at the 
same temperature and pressure The vortex-nng is 9 inches in diameter, and has an imtial velocity of 10 2 feet per second. 
The retarding force is proportional to the velocity , and after 2 24 seconds the nng has moved 16 feet, and its velocity is re- 
duced to 4 3 feet per second. 
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Vni. This column shows that the difference between the corrected mean time 
and the calculated time in no case exceeds 

0 01 second 

IX The approximate velocities, deduced by drawing tangents to the curve. 

X. The true velocities, calculated from the foimula 

^^=0 368(27 7 - 5 ) 

dt 

XI The retarding force, calculated by 

= 0 130(27 7 -s) 
dt^ ^ 


Expenments on Voitex-nmj^ tn Liquids By H Beacon. 


On Units of Force and Energy By Professor J. B Everett, F B S.E. 

The object of the paper was to urge the necessity of giving names to absolute 
units of force and energy, that is, units not varying with locality, like the gravita- 
tion units vulgarly employed (pound, foot-pound, &e ), but defined b^ reference to 
specified units of length, mass, and time, accoiding to the condition that unit 
force acting on unit mass produces unit acceleration 

The author proposed that the units of force and of energy (or of work), thus 
related to the metre, gramme, and second, be called rcvspectively the dyne and the 
pone (Sora/xif, TTovof), and that the names Ailodyne, megadyne, kilopOne, megapone be 
employed to denote a tliousand and a million dynes and pones The megadyne 
and megapone will thus be the units of force and energy related to the metre, the 
tonne, ana the second 

He also proposed that the units of foice and energy related to the foot, the 
pound, and the second be called respectively the kimt and the erg * 


On the Corrosion of Copper Plates hy Nitrate of Silver. 

By J H (tladstone, FB S , and Alfred Tribe, F C S 

In spme recent e\ penmen ts in chemical dynamics, the authors had occasion to 
study the action of nitrate of silvei on copper plates m vaiious positions They 
observed that when the plate was veitical there was rather more corrosion at the 
bottom than at the top This is easily accounted for by the upward current, which 
flows along the surface of the deposited crystals, and which necessitates a movement 
of the nitiate-of-silver solution towards the copper plate especially impinging on 
the lower part It was also found that when the copper plate was varnished on 
one side it produced rather more than half the previous decomposition, and was 
most coiroded at the edges of the varnish By making patterns with the varnish, 
this edge action became very ev ident This was explained by the fact that the 
long crystals of silver growing out from the copper at the borders can spread their 
branches into the open space at the side, and so diaw their supply from a larger 
mass of solution than the crystals in the middle can do , and inci eased crj'stalliza- 
tion of silver means increased solution of copper This was proved by making the 
varnish a perpendiculai wall instead of a thin layer, when the greater corrosion was 
not obtained In a plate completely surrounded with liquid, the greatest growth of 
crystals is also evidently from the angles It was likewise observed that if a vertical 
plate be immersed, the lower part in nitrate of copper, and the upper part in nitrate of 
silver, there is greater corrosion about the point of junction This was attnbuted 
to the greater conduction of the stronger liquid. 

Some Bemarks on Physics. By M. Janssen 


* Since the reading of the paper, a Committee has been appointed by the Association 
“ to frame a nomenclature of absolute units of force and energy ” 
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On Democritus and Lucretius, a Question of Priority in the Kinetical Theory 
of Matter, ByT. M. Lindsay and W. R. Smith. 

Physicists who have recently called attention to the anticipation of modern 
doctrines as to the ultimate nature of matter by the ancient atomists, have looked 
too exclusively to Epicui us and his expositor Lucretius, to the neglect of Demo- 
critus and Leucippus. Democritus had no such expositor as Lucretius, but Ins 
mam views are accessible in the fragments collected by Mullach, and in the well- 
known references of Aiistotle, Simplicius, and Ijaertius With the help of these 
sources, the paper sketches the main features of the earliest atomic theories The 
following are leading points — 

Deniociitus and Leucippus trace the vaiioty of phenomena to three primitive 
differences m the ultimate elements of natuie, viz dillerences (1) in Figuie, axhy-a, 
as betiveen A and N, (2) in Oidei, rd^is, as AN, NA, fd) in Position, Oia-is, as 
Z, N [Anst Met A 4] From the motion in lacuo of atoms with these primary 
ditferences, the whole variety of natuic is deduced, generation and coriiiption being 
merely syncretioii and division (o’tyxpto'is’, diaKpicris) De Gen et Cor i. 8, 
1. 2, Phys viii 0] All atoms have the same density and the same oppi} rijs <popds 
(specific gravity '^) [Ar Do Coelo, i 7, riieophrastus De Sensii, 71] Hence all 
tend to fall in one downward diiection * , but being ignoiant of the law of inertia, 
Democritus supposes that the larger atoms fall fastei, impinge on lighter pai tides, 
and pioduco a voitex motion (StV?;) In this vortex similais come together and 
cohere, lighter pai tides go to the suiface, and at hmgth woilds (/cotr/xot) are geno- 
lated [Diog Laertius, i\ .31] Epicui us dillius fioiii Demociitus mainly by main- 
taining that all atoms have equal and invariable dovvnwaid vtdocities, and come 
into collision only by fortuitous automatic deflection from the line of fall The first 
half of this theory /eo7s' like the fust law of motion, but is really as far from being 
in harmony with the laws of accelciation and other known truths as the eailiei view. 
As physicists, therefore, Epicurus and Lucietiiis made no advance on Democritus, 
while by mixing up with legitimate physical speculation the incongiuentwdr/;>/u/s<cf</ 
notion of chance (not the mathematical notion of chance, which plavs a part m the 
modem kinetic theory of gases), they pioduced that hybiid of physics and nieta- 
phy.sics, a mateiialistic philosophy It was by adopting th(‘ Epicurean doctime 
of chance that Gassencli, the hrst of modern atomists, became also the father of 
modern materialism 

Speculations on the Continuity of the Fluid State of Matter, and on Relations 

between the Ga’ieous, the Liquid, and the Solid States. By Prof Jamrs 
Thomson, LL.D. 

Through the recent discovery of Dr Andrews on the relations between dif- 
feient states of fluid mattei, a difficulty in the application of our old oidinary 
language has aiisen Ho has shown the existence of continuity between what is 
ordinarily called the liquid state and what is ordinarily called the gaseous state 
of matter. He has shown that the ordinary gaseous and ordinary liquid states 
are only widely separated forms of the same condition of matter, and may be 
made to pass into one another by a course of continuous physical changes pre- 
senting nowhere any interruption or breach of continuity If, now, there be 
no distinction between the liquid and gaseous states, is there any meaning still 
to be attributid to those two old names, or ought they to be abandoned, and 
the single name the jlmd state to be substituted for them both'' The answer 
must be that in speaking of the whole continuous slate we have now to call 
it simply the Jlmd state, but that there are two regions or paits of it, meet- 
ing one another sharply in one way, and merging gradually into one another in a 
different way, to which the names lumid and yas are still to be applied We can 
have a substance existing in two fluid states diffeient m density and other proper- 
ties, while the temperature and pre.ssure are the same in both • and we may then 
find that an introduction or abstraction of heat without change of temperature or 
of pressure will effect the change from the one state to the othei, and that the 

* Cf. the argument m Zeller, Phil, der Qriechen, i 913, ff 
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change either way is perfectly reversible. When we thus have two different states 
present together in contact with one another, we have a perfectly obvious distinc- 
tion, and we can propeily continue to call one of them a liquid state and the other 
a gaseous state of the same matter. The same two names may also reasonably be 
applied to regions or parts of the fluid state extending away on both sides of the 
sharp ©r definite bounda^, wherever the merging of the one into the other is little 
or not at all apparent, ft we denote geometrically all possible points of tempera- 
ture and pressure jointly, by points spread continuously in a plane surface, each 
point in tne plane being refened to two axes of rectangular coordinates, so that 
one of its ordinates shall represent tlie pressure and the other the temperature de- 
noted by that point, and if wo mark all the successive boiling- or condensing- 
points of piessuio and temperature as a continuous line on this plane, this line, 
which may bo called the hoilimj-hne, will be a separating boundary between the 
regions of the plane corresponding to the ordinary liquid state and those corre- 
sponding to the oidmaiy gaseous state But by consideiation of I)r Andiews’s 
experimental results (Phil Trans 1809), we may see that this separating boun- 
dary comes to an end at a point of temperatuie and pressure which, m conformity 
with his language, may bo called the oitical point of piessure and temperature 
jointly, and we may see that fiom any ordinarv liquid state to any ordinary 
gaseous state the tiansilion may be gi.idually eflected by an infinite variety of 
courses passing round th® extreme end of the boilmg-line 

Fig I IS a ding 1 am to illustrate these considerations and some allied consider- 
ations to which they lead in refeience to transitions between the three states, the 


Fig 1 



gaseous, the liquid, and the solid. This figure is intended only as a sketch to illustrate 

a les, and is not drawn according to measurements for any particular substance. 

^ the mam features of the curves shown in it are meant to relate in a general 
way to the substance of water, steam, and ice. A X and A Y are the axes of co- 
ordinates for pressures and temperatures respecti\ ely , A, the origin, being taken 
as the zero for pressures and as the zero for temperatures on the Centi^ade scale. 
The curve L represents the boiling-lme. This terminates towards one direction in 
the et'itical point E ; it passes in the other direction to T, the point of pressure 
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and temperature where solidification sets in. This point T is to be noticed as \ 
remarkable point of pressure and temperature, as being the point at which aloni 
the substance, pure from admixture with other substances, can exist in three states 
solid, liquid, and gaseous, together in contact with one another In making thii 
statement, however, the author wishes to submit it subject to some reserve m re 
spect to conditions not as yet known with perfect certainty He observes that w< 
might not be quite safe in assuming that tne melting-point of ice solidified fron 
the gaseous state is the same as the melting-point of ice frozen from the liquK 
state, and in making other suppositions, such as that the same quantity of hea 
would become latent in the melting of equal quantities of ice formed in these tw( 
ways. 8uch considerations as these into which we are forced if we attempt t( 
sketch out the course of the boiling-line, and to examine along with it the corre 
spending boundary-lines between liquid and solid and between gas and solid, maj 
be useful in suggesting questions for expenmental and theoretical investigatioi 
which may have been generally overlooked before. Proceeding, however, upoi 
assumptions such as usually are tacitly made, of identity m the thermal and dyna- 
mic conditions of pure ice solidified in different ways, the author points out thai 
we must suppose the three curves (namely, the line between gas and liquid, thi 
line between liquid and solid, and the line between gas and solid) to meet ir 
one point, shown at T in the figure This point of pressure and temperature foi 
any substance may then be called t?ie ti iple point for that substance In the figure 
the line T M represents the line between liquid and solid It is drawn showing in ai 
exaggerated degree the lowering of the freezing temperature of water by pressure, th( 
exaggeration being necessary in order to allow small changes of temperature to be per- 
ceptible in the diagram The line TN repre.sents the line between the gaseous anc 
the solid states of water substance The two cui\efl T L and T N, one between gas 
and liquid and the other between gas and solid, have been constructed for water sub- 
stance through a great range of temperatuies and pressures by Regnault, from his ex- 
periments on the pressure of saturated aqueous gas at \ arious temperatures above and 
below 0° Centigrade* He has represented and discussed his results abo\ e and below 
the temperature at which the water freezes (which in strictness is not 0° C., but is the 
freezing temperature of water in contact with no atmosphere except its own gas), 
as if one continuous cur’ve could extend for both As brought out expenmentally, 
indeed, they present so little appeaiance of any discontinuity that the distinctness 
of the two curves from one another might readily escape notice in the considera- 
tion of the experimental results Pi of Thomson points out, however, that the 
range from temperatures below to temperatures above freezing comprises what 
ought to be regarded as two essentially distinct curves meeting one another in the 
point T , and he further suggests that continuations of these curves, sketched in 
as dotted lines T P and T Q, may have some theoretical or practical significance not 
yet fully discovered Pie thinks it likely that out of the three curves at least the 
one, M T, between liquid and solid may have a practically attainable extension past T, 
as shown by the dotted continuation T R Various known experiments seem to 
render this supposition tenable, whether the condition supposed may have been 
actually realized m experiments Iiitherto or not. He thinks, too, that there is much 
reason to suppose that the curve L T between gas and liquid has a practically 
attainable extension past T, as shown by the dotted continuation T P 

In reference to the continuity of the liquid and gaseous states. Prof Thomson 
showed a model in whicll Dr Andrews’s curves for carbonic acid are combined in 
a curved surface, obtained from them, which is referred to three axes of rectangular 
coordinates, and is formed so that the three coordinates of each point in the curved 
surface shall represent, for any given mass of carbonic acid, a pressure, a tempe- 
rature, and a volume, which can coexist in that mass This curved surface shows 
in a clear light the abrupt change or breach of continuity at boiling or condensing, 
and the gradual transition round the extreme end of the boiling-line Using this 
model and a diagram of curves represented here in fig 2, the author explained a 
view which had occurred to him, according to which it appears probable that 
although there be a practical breach of continuity in crossing the line of boiling- 
points from liquid to gas, or from gas to liquid, there may exist, in the nature of 
* M<5imoires de I’Acad^mie des Sciences, 1847, pi vui 
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a theoretical continuity across this breach, having some real and true si^- 
nititance. the general character of this view may readily be seen by a glance at 
g , in wnich JJr. Andrews’s curves are shown by continuous lines (not dotted), 
and cuned rellex junctions are shown by dotted lines connecting those of Dr. An- 

Fig 2 
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drewss curves wliiiii <iie abiuptly interiupted at their boiling- oi condeiismg-points 
of piessure. It is to be undi'rstood that each curve relates to one constant tempe- 
rature, and that pleasures are represented by the horizontal oidmates, and cotre- 
sponding volumes of one mass of carbonic acid constant throughout all the curves 
are represented bv the vertical ordinates. The author points out that, by experi- 
ments of Donny, Dufour, and others*, we have alieady proof that a continuation 
of the cuiwe for the liquid state past the boiling stage for some distance, as shown 
dotted in tig 2, fioni a to some point h towards would correspond to states already 
attained He thinks we need not despair of piactically realizing the physical con- 
ditions corresponding to some extension of the gaseous curve such as noni c to d 
m the figure The overhanging part of the curve from e to /" he thinks may re- 
present a state in which there would be some kind of unstable ei^uilibnum ; and 
so, although the curve there appears to have some important theoretical signiticanco, 
yet the states repiesented by its various points would be unattainable through on . 
any ordinary mass of the fluid. It seems to represent conditions of coexistent tom- 
peratuie, pressure, and volume, m which, if all parts of a mass of fluid were placed, 
it would be in equilibrium, but out of which it would bo led to rush, partly into 
the rarer state of gas, and partly into the denser state of liquid, by the slightest 
inequality of temperature or of density in any part relatively to other parts. 

* Donny, Ann. de Chimie, 1840, 3rd series, vol. xvi. p 107 ; Dufour, Biblioth^ue 
Umvcrselle, Archives, 1801, vol xii 
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Observations on Water in Frost Rising against Gravity rather than Freezing 
in the Pores of Moist Earth. By Professor James Thomson, LL.I), 

In this paper Prof. Thomson, in continuation of a subject which he had brought 
before the British A-ssociation at the Cambridge Meeting in 1862*, on the Disinte- 
gration of Stones exposed to Atmospheric Influences, adduced some remarkable 
instances which he had since carefully observed. In one of these, observed by 
him in February 1864, he showed that water from a pond in a garden had in time 
of frost raised itself to heights of from four to six inches above the water surface- 
level of the pond by permeating the earth-bank, formed of decomposed granite, 
which it kept thoroughly wet, and out of the upper surface of which it was made 
to ascend by the frosty so as to freeze as columns of transparent ice, rather than 
that it would freeze in the earth-pores. The columns were arranged in several 
tiers one tier below another, the lower ones having been later formed than those 
above them, and having pushed the older ones up From day to day during the 
frost the earth remained unfrozen, while a thick slab of columnar ice, made up of 
successive tiers of columns, formed itself by water coming up from the pond and 
insinuating itself forcibly under the bases oi the ice-coliimns so as to freeze there, 
pushing them up, not by hydiaulic pressure, but on principles which, while seem- 
ing not to have been noticed previously to their having been suggested by the 
author at the Cambridge Meeting, appear to involve considerations of scientiflc in- 
terest, and to afford scope for further experimental and theoretical researches In 
the case referred to, the remarkable piienomenon showed itself very clearly, of 
water passing from a region of less than atmospheric pressure in the wet pores of 
the earth, into a place in the base of the columns where it was subject to more 
than atmospheric pressure, and subject also to stresses unequal in difierent direc- 
tions, from its being loaded with the mass of ice and also with some gravel or 
earthy substances above it , and this action went on rather than that the water 
would freeze in the pores of the moist earthy bottom on which the columns stood, 
and which was above the water surface-level of the pond 
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Note on the Secular Cooling and the Figure of the Earth By Prof. Cltfpord 


Observations on the Parallax of a Planetary Nebula. By Dr. Gill 


On the Coming Solar Eclipse. By M. Janssen. 


On the Recent and Coming Solar Eclipses. By J. Norman Lockver, F.RS. 


On the Construclion of the Heavens. By II. A. Proctor, B,A 


On Artificial Coronas By Professor Osborne IIeynolds. 


On a Method of Estimating the Distances of some of the Fixed Stars. 

By H. Fox Talbot, LL.D., FR.S. 

The method proposed in this paper for ascertaining the distances of the stars 
applies only to binary systems, which are not too faint or too close to be well ob- 
served It has this peculiarity, that it can be applied to remote stars with as much 
accuracy as to nearer ones, always supposing that such remote stars are still bright 

* Brit. Assoc Rep 1862, Trans of Sect. p. 3.5 
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enough to allow of accurate ohservation ; whereas the method of determining the 
distance of a star by its parallax becomes more difficult as tho distance of the star 
increases, notwitlistanding any brightness which it may have. 

The method now proposed is founded on that of spectral analysis. I suppose a 
certain ray, which I will call X, to bo chosen as tlie standard ray, and to be care- 
fully observed at various times in each of the stars of a binary system during an 
interval of some years. The orbit described by the stars around their common 
centre of gravity must not he in a plane perpendicular to the visual ray joining 
those stars and tho earth, nor must it approacn that position too neaily, otherwise 
the true result would be masked by the errors of observation The simplest case 
IS that of two stars, equal in mass and biiglitness, and levolvnig in cirmes about 
their common centre ot gravity Supposing such a system of two stars to exist, 
tho most favourable case is when the plane of their motion passes through tho 
earth. If it does ^o, the stais will appear to move in straiglit lines Supposing 
them to be, when first observed, at tlieir gieatest elongation, they will approach 
each other with an increasing apparent \elocity, \ar;ying as the sme of the time (or 
circular arc described) until they come into apparent conjunction, when one star 
will bo liiddi'n by the other for a ciuMain time, after which they will recede from 
each other in like manner as they had appioached But the obsenei would not 
be able to say with ceitainty which of tin' two stars was nearest to him, since the 
same phenomena would bo piesenti'd if the distances of the two stars were inter- 
changed, and at the same time the direction of their motions re\ersed Now 
.suppose the method to be applu'd winch I have pioposed At the time of their 
conjunction, or neai it, neithei •■'tar would be approaching the eaith, consequently 
the observed deviation of the lay X (if any) from its noimal position would be due 
to the ptopet motion ot the .system of tho two stais lelatively to the earth, which is 
a constant quantity to be allowed for in all other obseiv ations. Now suppose another 
set of ob^'eiv ations to be made at tho time of tho greatest elongation of the two 
stars At that time each of the stais is appariaitly stationary, but m fact one 
of them IS approaching and the other receding from the earth with a maMiiium 
velocity The ob.seived deviation of tho ray X will tln*refoie bo difleicnt in the 
spectra of the two stais, and (allowance hav ing hc^en made for the proper motion of 
the .system) it will appeal at once which of the two stais is approaching the eaith, 
and the question of its diiect or ridrograde orbit will b(' resolved At th(‘ same time 
the distance of the tvv'o stai'? fioni the eaith will lesult from the calculation It 
will be well, peihaps, to take a hyqiothetical example, which will show how tins 
element results fiom observation 

1 suppose, th(‘n, that obseiv ation has shown 

(1) xhe period of one complete i evolution of the binary star round its centre of 
gravity to be Jifty yea) s 

(2) The greatest elongation of the stars to be ten second') 

(3) And at the time of this gieatest elongation the deviation of tho ray X to be 
such as to prove that one of the stars is then approaching the earth at the late of 
ten miles pei second, and tin' other star receding fioni tho earth at the same rate. 
And this will evidently be their tiue velocity in their oibit. 

Now 50 years =1,577,880,000 second.s, and therefoie since each star moves in 
its orbit at the late of ten miles per second, it desciibes in tho course of one whole 
revolution of 50 years a circle of 15,778,8(X),000 miles in circumference. The 
radius of this circle is the distance of the star from the common centre of gravity, 
and therefore the diameter ot the circle is tlie distance of the two stars from each 
other (which m the hypothetical example I have selected is constant). This 
diameter will bo found to be about equal to 54 radii of tho eaith’s orbit. Now, 
when the stars were at their greafr'st elongation, ob.serv ation showed their angular 
distance to bo ten seconds Consequently we hav^e only to calculate at what distance 
from the earth a length of 54 raaii would subtend an angle of 10", and we find 
that this would occur at a distance of 1,113,500 ladii. Such, then, is the distance 
of the binary star from the earth, namely, 1,113,500 times the distance which sepa- 
rates the eaith from the sun 


So simple a case as the hypothetical one which I have here calculated is, indeed, 
not likely to occur in practice , most cases would require a gi'eater complexity of 
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calculation, but the principles involved would be the same. When the distances 
and positions of the two components of a binary star have been carefully observed by 
astronomers for a certain number of years, ithasbeen found possible in many instances 
todeteimmo the elements of their oibit, its ellipticity, the inclinatiou of its plane 
to the ecliptic, the time of one complete K'Aolution, tlu' apparent maximum elonga- 
tion, &c &c. But the distance of the double star from the eaith has hitheito re- 
mained unknown, because that is dependent upon the / cal si/e of the orbit, and 
observation (without the spectroscope) gi\ cs only the appai cut size of it Knowing 
the elements of the oibit we can, indeed, calculate the velocity of either of the 
stars in the diiection of the eaith at any moment, leJativehi to that which it has at 
any other moment. But the determination of the absolute velocity requiK'S the 
distance of the stars from the earth to be known Now a few observations (if per- 
fectly coirect) of the deviation of the lay X supplv this wanting element, viz the 
actual velocity at the time of obseivation, and likewise enable us, aslhavealieady 
explained, to eliminate the pioper motion of tlu' double star This might be some- 
times dilhcult, but geometiical coiisideiatioiH, quite in haiiuonv with those now 
employed by astronomers to deti'iinme the othei elements of the binary system, 
would undoubtedly etfect this also 

In what I have vviitten above, I have supposed great precision in the observa- 
tions — greater, no doubt, than would be piaetieablo with the optnal means 
muse, blit this makes no dilleieiice in the thconj oi the subject, whicli for a 
certain time may be allowed to pass ahead of it'^ practical lealization It will 
doubtless be remembeied that the nu'tliod ot deteimining tin* sun’s distance by means 
of a tiaiisit of Chillis was pioposed by Janies (hi'goiy in his ‘Optica I’loniota,’ 
and by Halley in his ‘ Catalogus Stellarum Austialium,’ neaily 100 years before an 
opportunity ollered of testing it by an actual observation 


On the Nutoscope, an Apparatus for sJionotaj Grajihfcalhf the Curve of 
Ptecession and Nutation. Ihj Biofossoi Ciiakcls V Zknglk. 

In the case ot a lapidly K'volving solid body two dilleieiit cases may occur, the 
mass of the solid body being quite uiiifoinilv distiibuti d aiouiid the axis of lota- 
tion, or, on tin* eontraiy, the unifoimity being destioyed by the accumulation of 
mattci on one side of the axis 

In the hist instanei* the eontiifugal force will act symmetiically on opposite 
sides of the solid body 111 lotation, and be m cquilibnum It then gives use to 
the phenonieiion of a fiee axis, that is to say, tlu' axis of lotation steadily holds 
its position duiing the rotation, becauhO the paituh s of the body will also have 
the tendincy to letam then position while the motion is going on with sutlicieiit 
speed. 

These facts may best be shown by Fi'ssel’s apparatus, calh'd the gvroscope, in 
which a ciicular disk is imt in rapid lotation louiid an axis fnady niovaUe in every 
direction. 

If theie IS a foice acting only on one side, for instance a weight pressing on the 
axis, or an impulse givim to it, the axis will show a lateral motion, and describes 
a cone, oi at its extremity a circle 

But if there is on the disk itself an unequal distribution of the mass, which is 
produced by fastening a small ciicular disk or sheet of pa])er with an excentiic hole 
upon the axis, tlu' motion becomes more complicated, and if tlu' velocity be con- 
sidered umtorm foi the short time lequired for the axis to d('scribe a ciule, there 
will be an additional lateial motion produced by the adheiing paper sliced dis- 
turbing the motion, and a small ellipse will bo described by the emd of the axis 
revolving upon the circle, as is sliowm in the diagram traced on blackened papei by 
the top of such an apparatus 

The greater the mass of the disturbing paper sliced, and the more the speed of 
the motion diminishes, the larger becomes tlu' diameter of the ellipse described by 
the top, and the more distuibed are its revolutions on the periphery ot the circle, 
both axis of the ellipses becoming much larger. Diminution of the speed origi- 
nates, instead of the circular motion of the top, a spiral motion, and the effect is 
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that tho velocity of tho disk’s motiou decreasing, the top no longer describes a 
circle, but a continuous spiral line, on wliicli the small ellipse revolves. 

These motions, howevei complicated they may be, may be graphically shown by 
holding a blneltened p.iper to the top of the axis of tho appaiatus, and causnig it 
to approach steadily, when the avis becomes more inclined by the diminution of 
the velocity 

To do this more easily and with more precision, near the rotating disk is placed 
a support, with a biass tiame for holding a sheet of blackened paper, exactly at a 
right angle to the suppoit. Ilie top ol the inclined axis may be brought into slight 
contact with the blackened suilace of the papei by lowering the biass fiamo on the 
stand by means of a micioiiietei -screw, so as to maintain the contact for some time. 

The specimens of cuives desciibed by the appaiatus show that without any 
distuibing force the top desciibes a ( ircle 

If we put a ( irculai disk evceiitiically on the axis of the apparatus, it still describes 
a circle, but also an ellipse re\olMng on its peiiphery, whose length of axis de- 
pends on the weight of the ciicular disk fastened to the axis. It tho top marks 
for a longer time, instead of a ciicle a spiral line is desciibed, with ellipses involv- 
ing on it 

Ifiagrams were exhibited, showing the same cuives, but with heavier circular 
disks on the axis 

Tin ‘se expel inumts may 1)0 made also by putting on tlie top of the axis a globule 
of silveic'd glass, lellecting tin* light of the sun, or of a lamp, showing at a con- 
siderable distanci' tli(‘ juetty dt'Mgusof the nutation cuives It is very instructive 
to exhibit and explain the compln att'd plKuiomena of the luiii-solar piecession and 
nutation of tin' eai Ill’s axis by tlie same appaiatus 

Tho combined ac tion of the sun and moon’s masses on the earth are represented 
by the small p<tpei sheets put exceiitiically on the axis of tlie lotating biass disk 
of the a ppm at us 

The sun and moon’s distances from the ci'iitri' of the eaitli continually changing,^ 
pioduce tho same etlect as those ciiculai di>ks put exceiitiically upon the axis of 
the appaiatus, and pioduce an cntiiely^ .similar motion of the axis of the eaith, 
de.s( iibing liKewise a cone, oi a ciicle on the top o( the (*aith s axis, and by tho 
changing action of the sun and moon at diileieiit distaiici's fioin tlu' earth, theio is 
pioduced an additional small (dliptical motion, quite .similni to those lepiesented 
in the diagiams exhibited Similai but .still largei elliptu al motions me piodiui'd 
111 tin' same mamiei liy the combiiit'd and \ai\ing action of the sun and earth’s 
imcsses on the moon, known in astiononi'y as the piece.s.sion of the nodes of the 
moon, and as the nutation and evection of its axis. 


Light. 

Dcsci'tpUon of a /Set of Leiise^^ for the Accurate Conation of Vi'>ual Defect. 

Ihj riiiLii* 13 rau\m. 

The lenses shown were plano-splieiical and cyhndiical By using piano- instead 
of double spheiical lenses, we are enabh'd to add oi dimmish tho power of any 
given piano-lens to the greatest nicety , so that without multiplying tlie tools used 
by tho lens-giiudeis, any giaduatioii of focus can be obtained. 

In coriecting astigmatic detect, the cv Imdrical lenses being piano-, and the edges 
giound to tho .same exact diameter as the spherical, they fit together and act as 
one lens. 

Descrif)tioa of a Pa/ahohidal Reflector for Liylithouses., constsUwj of Silvered 
facets of gioimd-ijlass ; and of a Differential llolopliote. Bij Thomas 
SiEVENsoN, F.R F E , M.I.C E. 

Tho superior advantages of tho Dioptric as compared with the Catoptric systems 
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of illumination for lighthouses are generally admitted. There are, however, many 
cases, such as harbour-lights and ship-lignts, where the expense of construction 
becomes a barrier to the employment of refracting apparatus 

In order to reduce the expense, it occurred to the author that it would be de- 
sirable to revive the old form of mirror, consisting of facets of ordinary silvered 
glass. Instead of making them small and with plane surlaces, the si/e may be 
much increased ; and they may bo bent or giound and polished on both faces to 
curves osculating the parabola, ellipse, or wbatevei foim may be required If the 
edges of these facets weie hxed togethei by Canada balsam (a substance which has 
nearly the same index of refraction as plate-glass), the laige loss of light which 
takes" place at tlie edges of each facet in the old retieetois will be in great measure 
saved. Theie will not, as fornieily, be any refraction ot the lavs in passing through 
the edges, and thus the whole will become piactically monodioptnc, or, in other 
words, will be opticall} neaily the same as if the paraboloid had been made of one 
whole sheet of glass, while the advantage due to accurately curved surfaces, in- 
stead of plane suifaces, will be securt'd. It would be a fuither impiovemeiit to 
select dineient points in the flame for the foci of the difteient facets, so as to 
secure the useful destination of moio of the lays Besides, by gimding each facet 
to different veitical and hoiizontal curves, the light may be condimsed or diverged 
by means of a single agent, and the same result may be oflected with different 
totally reflecting plates of flmt or other glass cemented to lighthouse pi isms with 
Canada balsam, so as to foini composite piisms 'When colouied lights aie wanted, 
the facets would consist of glass tinted to the required hue, so as to render stained 
muflles or chimneys unnecessary. The economy of the pioposed method of con- 
struction will lendei it peculiarly applicable to haibour-lights and ship-lights 

The author exhibited a paraboloidal leflector constiucted on the method to 
which he referred. The facets were successfully constructed by Messrs Chance, 
of Birmingham The pu'ces of glass having been fust bent upon a mould, were 
afterwaids ground by i ubbmg-surfaces woiked by machinei} ot the same kind as 
IS employed for dioptric apparatus 'J'he facels"wei(> aftei wauls silveied by the 
patent piocess of .Messis Biatt and Co , of St Helens, LaiKasline, who infoini the 
author that so long as the paint is not removed fioni the back of the silveiing its 
reflecting powei will remain unalteied 

Diffe) entiul metallic Mimoi and Holophote — The same construction may also be 
adopted, as the author has alreadv hinted, for pi educing a dijjeienhal holophote 
which will, by meims of t^inqle optual ayenhj (ollcct, wdh unifoi m density m azimuth, 
the u'hole spheie of diveiyiny lai/b into am/ yiien lyliiidi ic .seitoi Foi such a pur- 
pose each facet must, in the veitical plane vvIutc no divergence is wanted, be 
giound to a paiabolic piolile, while in the hoii/ontal it must be of such hvpoi- 
bolu, elliptic, 01 othei curve as will give the lequiied hoii/ontal diveigeiue with- 
out mterfeience with the ajipaiatus foi the cential cone of rav^, which will bo 
dealt with accoiding to the ic'cpiiu'ments of the case, by means either of Fiesnel’s 
beehive fixed appaiatus oi of a ditleiential lens~an instinment which the authoi 
has elsewheie clesciibed In oidei to test tlu> pi actn ability of such an aiiange- 
ment, a miiroi was constructed of small glass facets, which were aiianged optically 
on a surface of ])utty, and which answered the purpose as fai as was possible with 
plain pieces of gla^s I'he author se(*s therefoie no gieat diflicult}’’ in making this 
new kind of niiiroi of sqmiate facets of silveied glass of small si/e , but he found 
such difficulties in coiistiucting one with a continuous suiface that he consulted 
his friend I’rofessoi Tait, who kindly gave him his assistance in the solution of 
this difficult pioblein by suppljing the geneial formula, and he has no doubt, now 
that the simplei foim of facet has been so successfully constructed, a diffeiential 
holophote will soon be made 

Notice of the liesearches of the late llev. William Vernon Ilarcourt, on the 

Conditions of Transparency in Glass, and the Connexion between the 

Chemical Constitution and Optual Froperties of different Glasses. By 
Professor G. G. Stokes, F.lt S. 

The preparation and optical properties of glasses of various compositions formed 
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for nearly forty years a favourite subject of study with the late Mr. Harcourt. 
Having commenced in 1834 some experiments on vitrifaction, with the object stated 
in the title of this notice, he was encouraged by a recommendation, which is printed 
in the 4th volume of the Transactions of the British Association, to pursue the 
subject fuither. A repoit on a gas-furnace, the construction of which formed a 
preliminary inquiry, m which was expended the pecuniary grant made b^ the 
Association foi this lesearch m 18.30, is punted in the Beport of the Association 
for 1844, but the results of the actual experiments on glass have never yet been 
published. 

My own connexion with these researches commenced at the Meeting of the 
British Association at Cambridge in 180i3, when Mr. Ilai court placed iii my hands 
some prisms foimed of the glasses which he had prepared, to enable me to determine 
their character as to fluorescence, which was of interest from the circumstance 
that the composition of the glasses was known I was led iiidiiectly to observe the 
fixed lines of the spectra foimed by means of them , and as I used sunlight, which 
he had not found it convenient to employ, I was enabled to see further into 
the red and xiolet than he had done, which was favourable to a more accurate 
measure of the dispeisive powers. This inquiry, being m furtherance of the 
oiiginal object of the expeiiments, seemed mr moie impoitant than that as to 
fluorescence, and caused Mr Harcourt to lesume his expenments with the liveliest 
interest, an interest which he kept up to the last. Indeed it was only a few days 
before Ins death that his last expmainent was made. To show the extent of the 
research, I may mention that as many as 1(3G masses of glass were formed and cut 
into prisms, each mass doubtless in many cases involving seveial preliminary 
experiments, besides disks and masses for other purposes. Pei haps I may be 
permitted here to refer to what I said to this Section on a foimei occasion* as 
to the advantage of woiking in conceit. I may ceitainly say for myself, and 1 
think it will not be deemed at all derogatory to the memory of my esteemed 
friend and fellow-labourer if 1 say of him, that I do not think that either of us 
working singly could have obtained the results we ariived at bv woiking together. 

It is well known how difhcult it is, especially on a small scale, to prepare 
homogeneous glass Of the hist gioup of piisins, 28 in number, 10 only were 
sufficiently good to show a few of tlie principal daik lines of the solar spectrum; 
the lest had to bo examined by the blight lines in artificial souices of light. 
'J'hese piisms appeared to have been cut at landom by the optician from the mass 
of gla''S supplied to him Theory and obseivation alike showed that stine mteifere 
comparatively little with an accuiate dctei mination of lefiactive indices when 
they lie in planes perpendicular to the edge of the prism Accordingly the prisms 
u'sed in the rest of the lesearch were foimed fioin the glass mass that came out 
of the crucible by cutting twai planes, passing thiough tlie same hori/ontal line a 
little below the surface, and inclimd 22^° light and left of the veitical, and by 
polishing the enclosed wedge of 45 ’. In the cvmtral portion of the mass the striae 
liave a tendency to ariange themselves m neaily veitical lines, from the operation 
of cnrients of convection , and by cutting in tlie manner described, tno most 
favourable direction of tlie stru'c is secured for a good part of the pi ism. 

This attention to the direction of cutting, combined no doubt with increased 
experience in the manufacture of glass, was attended with such good results that 
now it vv^as quite the exception foi a pnsm not to show the more conspicuous dark 
lines. 

On account of the incoiwcmeiico of working with silicates, arising from the 
difficulty of fusion and the pasty character of the fused glasses, Mr. Harcourt’s 
experiments were chiefly carried on with phosphates, combined in many cases 
with fluoiides, and sometimes with borates, tungstates, molybdates, or titanates. 
The glasses foimed involved the elements potassium, sodium, lithium, barium, 
stiontium, calcium, glucinum, magnesium, alummium, manganese, zinc, cadmium, 
tin, lead, thallium, bismuth, antimony, arsenic, tungsten, molybdenum, titanium, 
vanadium, nickel, chiomium, uranium, phosphorus, fluorine, boron, sulphur. 

A very interesting subject of inquiiy presented itself collaterally with the 
origmal object, namely, to inquire whether glasses could be found which would 
* Beport of the British Association for 1862, Trans of Sect p 1. 
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achromatize each other so as to exhibit no secondary spectrum, or a single glass 
which would achromatize in that manner a combination of crown and flint. 

This inquiry presented considerable difficulties The dispersion of a medium is 
small compared with its refraction ; and it the dispersive power be regarded as a 
small quantity of the first order, the irrationality between two media must be 
regarded as depending on small quantities of tlie second order If stiuc and 
imperfections oi the kind present an obstacle to a very accurate determination of 
dispersive power, it will readily bo understood that the errors of observation 
which they occasion go far to swallow up the small quantities on the observation 
of which the determination of irrationality depends Accordingly, little success 
attended the attempts to draw conclusions as to irrationality from the direct obser- 
vation of refractive indices , but by a particular method of compensation, in 
which the experimental pi ism was achromati/ed by a prism built up of slender 
pnsms of crown and flint, I was enabled to draw trustworthy conclusions as to 
the character m this respect of those prisms which were sufliciently good to show 
a few of the principal dark lines of the solar spectrum. 

Theoretically any three different kinds of glass may bo made to form a combi- 
nation achromatic as to secondary as well as primary coloui, but practically the 
character of dispersion is usually connected witli its amount, in such a manner 
that the determinant of the system of three simple equations which must bo 
satisfied is very small, and the curvatures of the three lenses requned to form an 
achromatic combination are very great 

For a lon^ time little hope of a piactical solution of the problem seemed to 
present itself, in consequence of the general prevalence of the appioximate law 
referred to above. A prism containing molybdic acid Avas the first to give fair 
hopes of success. Mr Haicourt warmly entered into this subject, and piosecuted 
his experiments with unweaned zeal The earlier molybdic glassies prepared were 
many of them rather deeply coloured, and most of tliem ol a peiii'hable nature 
At last, after numerous experiments, molybdic glasses weio obtained pretty fiee 
from colour and permanent Titanium had not jet bi'eii tiled, and about this time 
a glass containing titanic acid was prepaied and cut into a pi ism Titanic acid 
proved to be equal or supeiior to molybdic in its powei of extending tin* blue (>nd 
of the spectrum more than coiiespouds to the dispoisive power of the glass , while 
in every other respect (freedom from colour, peimaneiicc' of the glass, gieatei abun- 
dance of the element) it had a decided advantage , and a gri'at vaiu'ty ol titanic 
glasses were picpared, cut into piisms, and measuied. One of these led to the 
suspicion that boiacic acid had an opposite effect, to test which Mr llarcourt 
formed some simple borates of lead, with vaiying piopoitions of boradc acid. 
These fidly boro out the expectation , the terborate foi instance, which in dispeisive 
power nearly agrees with flint glass, agiees on the other hand, in the lelative 
extension of the blue and red ends of the spectium, with a combination of about 
one part, by volume, of flint glass with two of crown. 

By combining a negative or concave lens of tei borate of load with positive 
lenses of crown and flint, or else a positive hms of titanic glass with negative 
lenses of crown and flint, or even with a negative of very low flint and a positive 
of crown, achromatic triple combinations free from secondary colour may be formed 
without encounti'nng (at least in the case of the titanic glass) formidable curvatures , 
and by substituting at the^ame time a titanic glass foi ciown, and a borate of lead 
for flint, the curvatures may be a little further reduced 

There is no advantage in using three different kinds of glass rather than two to 
form a fully achromatic combination, except that the latter course might require 
the two kinds of glass to bo made expressly, whereas with three we may employ 
for two the crown and flint of commerce Enough titanium might, however, be 
introduced into a glass to render it capable of being peifectly achioniatized by 
Chance’s ‘Oight flint.” 

In a tnple objective the middle lens may be made to fit both the otheis, and be 
cemented. Terborate of lead, which is somewhat liable to tarnish, might thus bo 
protected by being placed in the middle. Even if two kinds only of glass are 
used, it 18 desirable to divide the convex lens into two, for the sake of diminish- 
ing the curvatures. On calculating the curvatuies so as to destroy spherical as 
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well as chromatic aberration, and at the same time to make the adjacent surfaces 
lit, very suitable forms were obtained with the data furnished by Mr. Ilarcourt’s 
glasses. 

After encountering great difliculties from strne, Mr. Harcourt at last succeeded 
in preparing disks of teiboiate of load and of a titanic glass which are fairly 
homogeneoiia, and with whicli it is intended to attempt the construction of an 
actual objective which shall give images fiee fiom secondaiy colour, or neaily so. 

This notice has evtinided to a greater length than I had intended, but it still 
gives only a nii'agie account of a lesearch extending over so many years It is 
my intention to diaw up a full account foi presentation to the scientific world m 
some other form I have all eady said tliat the grant made to Mr. Harcourt for 
these resoaiches in ISdO has long since been expended, as was stated m his Report 
of 1844, but it was his wish, m recognition of that grant, that the first mention 
of the results he obtained should be made to the Hritish Association , and I doubt 
not that the menibeis will receive with satisfaction tins maik of consideration, 
which they will connect with the memory of one to whom the Association as a 
body 18 so deeply indebted 


On one Cause of Tmnsparency. By 0 Jotinstoni] Stonkv, M.A,, F.E.S. 

The motion of the adher whidi constitiiti's liglif is known to bo subject to four 
restiictioiis — lAist, it is pm’iodic , .secondly, it is tiaiisvei.sal , thiidly, it is (at all 
events tempoiaiily) poLuizial, and, loin thly, its peiiodic timi' lies between the 
limits which coirespond to the extent of the visible spectiuin Ry tempoiary 
polarization is meant tlie persistence of the same kind of wave over a long series of 
waves befoie waves of aiiotlnu kind succeed, that peisistence which the phenomena 
of diffiactioii have made known to us* 

And the many respects in which ladiant heat and light have been found to be 
identical enable us to .say that the hist tliiee of the foiegoing rivsti ictions apply to 
ladiant heat. We also know (.sia' ‘Jdiilosophical Magazine ’ for Apiil and lor 
July 1871) that the lines in the spectia of gasies arise irom poiiodic motions m the 
molecules of the gas, each suidi motion giving use to one or moie lines coiie- 
sponding to teiiiis of an liaimonic .senes. And we know tliat imdci ceitam con- 
ditions these lines dilate and run into one anotlim, so as in many cases to pioduco 
regions of continuous absoiption All these pheiionieiia may satidy be attributed 
to pi'nodic motions in the molecules of the gas, the dilatation of the lines being 
duo to pertuibations which allect the pei iodic times After the peiiodic time has 
been distuibed (piobably on the occa.sion of the collisions between molecules) it 
seems to settle down giadually tovvaids its noinial amount, thus imparting breadth 
to the corresponding spectral lines 

The question now natui ally pre.scnta itself — What results fiom motions in the 
molecules which are not periodic, or which aie in any other way unfitted to pro- 
duce radiant heat ? And here the phenomena of acoustics come to our aid when 
a bell 18 .struck, more or less regularly, periodic motions aie both produced. The 
more regularly penodic motions produce the tone of the bell wliicli is heard at a 
distance, while the less regular motions, though they are often very intense, pro- 
duce a clang hoard only in the vicinity of the bell , m other words, the energy is 
expended m the neighbourhood of the belh Similaily, if the molecules of a body 
are engaged m irregular motions, such motions, though they may occasion a violent 
agitation of the otheis, are mechanically incapable of producing such an undulation 
as constitutes radiant heat. The distuibance is necessarily local , in other words, 
as much energy is restored by the moving mther to the molecules as is imparted by 
the motion of the molecules to the aether. This absence of radiation is one of the 
properties of a transpaient body, and the other thermal (or optical) properties of 
transparent bodies may be presumed to depend also on these partially irregular 
motions. Thus Fizeau has proved by experiment that a flow of water of about 

^ Rays of common light have boon found to interfere, of which one was retarded 15 
millims, or about 30,000 wave-lengibs, behind the other, showing what a long senes of 
nearly similar waves usually succeed one another m unpolarizod light before waves of 
another type come in 
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seven metres per second pro(^ueed a very sensible elFect on tbe velocity with which 
light was propagated in the direction of the motion , in other words, when the 
molecular motions had a preponderance in one direction, this was found to alter 
the refractive index in that direction. This shows that the molecular motions do 
affect the lefractive index, and it is perhaps not too much to presume that the 
phenomena of the iriationalit^y of the spectra produced by prisms of dillerent mate- 
rials of double refraction and polaiization in crystals of other than the cubical 
system, and of circular polarization in solids and liquids, will bo found to result 
from modifications of the iiiegular motions either of or within the molecules 
Other facts appear to confiini this presumption* where from the form of a crystal 
we have reason to suppose that the irregular molecular motions are not symme- 
trically distributed m difleieut diiections, there we uniformly find the phenomena 
of double refraction , and in those solids where they are symmetrically disposed 
the refraction becomes double if they are exposed to stiain, i e as soon as an 
unsymmetiical distribution of the molecular motions is aitificially induced. 

On the whole we appear justified in drawing the probable mfeionce that all the 
phenomena of transparency aio intimately associated with the molecular motions 
which want that kind of legularity which would fit them to be the source of 
luminous undulations What is certain is, first, that certain pmiodic molecular 
motions do produce the phenomena of opacity in gases, and secondly, that iiie- 
gular molecular motions are incapable of producing the efiect of opacity, since they 
cannot radiate By irregular motions, wlieie the phrase occur s m this communi- 
cation, are to be undmstood motions which are not approximately periodic, or 
which fiom any other cause cannot set up m the lether such an undulation as that 
which constitutes radiant heat. 


On the advantage of lefen nig the positions of Lines in the Speiti inn to a Scale 
of Wave-numbers By Cx JoiiNsroNE Sioney, j\I A , F K.S. 

At the last Meeting of the Biitisli Association Mr kStoney made a communica- 
tion, fioni which it seemed to appear that each peiiodic motion in the mole- 
cules of a gas vtill 111 general (? e unless the motion bo a simple pendulous 
one, or else mechanically small) gne use to lines in the spectium of the 

gas, and that the lines which thus lesiilt fiom one motion have periods that arc 
haimonics of the peiiodic time of the parent motion Since that time ho has been 
engaged, in conjunction with Dr Emerson lieynolds, of Dublin, in testing this 
theory, and in this inquiry it has been found convenient to lefei the positions of 
all hues in the spectium to a scale of lecipiocals of the wave-lengths This scale 
has the great convenience, for the purposes of the investigation, that a system of 
lines with peiiodic times that aie haimonics of one periodic time aic* equidistant 
upon it , and it has the fuither convenience, which lecommends it for geiuual use, 
that it resembles the spectium as seen in the spei troscope much more closely than 

o 

the scale of direct wave-lengths used by Angstiom m his classic map 

The position marked 2000 upon this scale occurs about the middle of the 

spectium, and coircsponds to Angstrom’s wave-length 5000. The numbers which 

O 

Ang^strom uses are tenth-metres, ^ e the lengths obtained by dividing the moire 
into 10^° parts , and from this it follows that each number on the new scale 
signifies the number of li^it-vvavccs in a millimetre thus 2000 upon a map drawn 
to this scale marks the position of the* ray whose wave-length is milli- 

metre. The new scale may therefore be appropriately called a scale of wave- 
numbers. If, then, ^ be the wave-number of a fundamental motion in the aether, 


its wave-length will be-?th of a millinietie, and its harmonics will have the wave- 


lengths ^ &c. , in other vvoids, they occupy the positions 27^, &c. upon 

2/1/ 

the new map. Ilenco it is ea.sy to see that a system of lines vv Inch are equally 
spaced along the map at intervals of k divisions are harmonics of a fundamental 

motion whose wave-number is k, whose wave-length is ^th of a millimetre, and 
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whose periodic tunc is y ; wheie r is the periodic time of an undulation in the 

h 

rnther consisting of wa'ves one niillmietre long. If we use Poucault’s determination 
of the velocity of light, \iz. 298,000,000 metres per second, the value of this 
constant is 

r = 3 3557 twelfth-seconds, 

meaning bv a twelfth-second a second of time divided by 10’-, which, in other 
woids, IS the millionth part of the millionth of a second of time. 

Thus the pioposed numbers give the same iiifoiniation as a list of diicct wave- 
lengths, and ill a more commodious foim for theoietical purposes, while at the 
same time the map of the spectrum drawn to this scale is to be preferied for use 
111 the laboratory, liecause it repiesents the spectrum formed by a prism with com- 
paratively little distoition This will bo apparent fiom the following Table of the 
wave-numbers of the piincipal lines of the solai spectrum : — 


A 

13151 

’ E, 

1890 7 

F 

2057 3 

B 

1-150 2 

IL 

98 0 

G 

2321 7 

C 

1523 9 


1929 3 

h 

2438 3 

J>, 

1090 .1 

In 

33 4 

n, 

2520 1 

IL 

98 0 


35 4 

H, 

42 0 


On the Wave-leinjth'^ of the Sjtectni of the Jlijdroceobons. 

Jii) Professor William Swan, LL.l)., F.li IS E. 

The author stated that in 185G he had communicated to the Iloyal Society of 
Edinburgh a paper, published in vol xxi of their Transactions, entitled “ On the 
Prismatic Spectia ol the Flames of Compounds of Caibon and Il^drooen ” In 
his obseivatioiis on the'se substances he made use of an airangcmeiit (employed by 
him still cailiei m 18-17) identical with that which, since the publication of Kiich- 
hod and ikinsen’a leseaichesm Specti urn-anal} sis, is familiaily known as a “Spec- 
tioscope,” nanu'ly, an obseiving teh'scope, a piism, and a collimator, leceiving the 
li^ht to be examined thiough a naiiow slit at its piincinal focus 

The obseivatioiis jmblished in 185(5 consist of caiefully observed minimum devi- 
ations of fouib'en daik liiu's of the sun spectium, and of twelve bright lines of the 
h}diocaibon spi'ctia, which blight lines Avere found to be identical in fifteen dif- 
ferent hydiocaibons examined No absolute coincidences between the lines in the 
solar and teirestiial spectra weie obseived, except that, long befoie discovered by 
Fiaunhofei, between the double sun-liiie I) and the double }ellow line of ordinary 
flames, acne, wlieievei it may be seen, lefeiied to sodium 

The yellow line was gemually pieseut in the hydiocaibon spectia, but, fiom a 
careful (^[uaiititative c^xpeiiment, it wms asceitainecl that the 2,5(K), 000th pait of a 
troy giam of sodium reiuleied its pieseiice in a flame sensible and the conclusion 
was then distinctly stated, it is believed foi the first time, that whenevei orwheie- 
evei the double yellow hue appears it is due to the pieseiice of minute traces of 
sodium 

111 this state the observations of 1850 had lemained until lately, when the author 
was requested by his fiieud Professoi Piazzi Smyth to compute the wave-lengths 
of some of the hydrocarbon lines. As no c'xact coincidence existed between these 
and the lines of the solar spectrum, it w'as necessary to hav e recourse to some pro- 
cess of interpolation, and that which suggested itself to the author was founded 
upon Lagrange’s well-known Interpolation theoiem. In oidei to verify as far as 
possible the results, the computation of the wave-lengths of the hydrocarbon lines 
was repeated by interpolating between different groups of sun lines, and the dis- 
crepancies between the numbers so obtained in no case extended beyond the place 
of units in Angstrom’s scale of wa\ e-lengths, where unity expresses the ten mil- 
lion th part of a millimetre. The subject was brought before the Association in order 
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to elicit an opinion whether the results likely to be obtained would be of siidicient 
importance to warrant a more elaborate diHcussion of the entire series of observa- 
tions with a view to future publication. 


Poste Photo(jraj^>lu([ae. By the Moigno. 


An Account of a New Photographic Dry Process. By 11. S utton. 


Heat. 

Description of Experiments made in the Physical Lahoratori/ of the Umversitif 

of Ghisgoiu to determine the Bui face Conductunty for Heat of a Copper Ball. 

By Dunild M‘l\nLANE. 

The e\poiimeiits desciibed in this paper were made muh'i tlie direction of Sir 
W. Thoiiisoii duiiii^ the suiiiiiK'rs of lM(!r) and 1S71 A liot coppm ball, having’ a 
tlieriiioelectiic junction at its ceiitic, was siispendt'd in the inteiioi cd a dosed 
space kept at a constant tempcnature of about 10'^ Ci'iit , tlu' other junction was 
kept at the teniperatuie of tin' cuivelopt', the ciicuit was coiiiplcded thiough a 
minor galvanonietei, and the deflections noted at inteivals of one minute as the 
ball gradually cooled 

The method of lediicmg the obsen ations was explained at length The difleience 
of the Napierian logaiithms of the difleieiicccs ot tempeiatuies of the junctions, 
indicated by the deflections, divided by the inteivals of tune, gives the rate of 
cooling, and this, multmlied by a factoi dencuiding on the capacitvlor hcMt of the 
ball and on the extent oi its suiface, givc's tlie quantity of Invit (Uiiitted in gianime 
water units m the unit of time pel squaie centimetie, pen’ 1 ' of dilhucmce of tem- 
peratuies Formuhe were givcui which e\pi('s,s theiesults of the evpeiiments veiy 
closely, and a table calculated by them exhibits tlie i.ites of emission foi every 5'^ 
of diflerenct* thiongliout the* iang(‘ 

The fust and second senes had a iangt‘ of fiom to 2 only, which was too 
small to give decided o'Siilts, but the thud and fouitli senes, made' with a polished 
copper suiface and ablackmied snifaco respectively, gave vanations in tin* (‘missive' 
power fiom 000178 at 5° dill of teniperatuie to 000220 at 00° dill foi the polished 
suiface, and fiom 000252 at 5° dill to 000.128 at 0l)° dilf foi the black(‘ni‘d sur- 
face , and the emissive powers of the two surfaces evhibit tliioughout a nearly 
constant ratio to each other of about 004 


On a llespirator for Use in Extinction of lures. 

By William Lvnn, F.ll A S. 

This instrument combines the advantages of the chaicoal and the cotton-wool 
raspiratois The respiiator is intended to be fitted on the heads of fiiemen, and it 
will enable a fireman to enter into the midst of any smoke, however dense There 
18 sufficient protection for the eyes, by means of glasses The results of an experi- 
ment with the respirator have been stated by Prof Tyndall In a small cellar-like 
chamber, fuinaces containing resinous pine-wood were placed, and the wood being 
lighted, a dense smoke was generated In this room. Prof Tyndall and his 
assistant, using these respiiators, remained for moie than half an hour, when the 
smoko was so dense and pungent that a single inhalation thiough the unprotected 
mouth and nostrils would have been perfectly unendurabh'. The instrument has 
been tested by Capt. Shaw, chief officer of the Metiopolitan Fire Prigade, who 
has taken very great mtercst in perfecting it, by attaching to it suitable hooiis. 



TRANSACTIONS OP THE SECTIONS. 


45 


On the Temperature-equihhrium of an Enclosure in winch there is a Body in 
Visible Motion. By Piof. Balfour Bteavart, BbR.S. 

It is now so\eial years since Professor Tait and the author of this paper came 
jointly to enteit.nn the belief tliat theie is some tiansnmtation of energy, the 
exact natiiie of whicli is unknown, when huge bodies approach or recede fiom one 
another It is desiiable to vindicate an idea of this natuie, both from the theo- 
retical and the piactical point ot view — that is to say, wo ought, if possible, to 
exhibit it as a probable deduction fioni those laws ot nature with which we are 
alieady acquainti'd, and, on the other hand, it ought to be support'd by observa- 
tions and experiments of a new kind. In our case the expeiiments and obseivations 
have been ot a diJiicult nature, and aie }et in progress , it is therefore preniatiiie to 
bung them before the notice of the Association. A theoretical vindication of the 
idea has been obtained by Piofessor Tait, and more recently one has occurred to 
the author of these remaiks, which he now ventures to bung foiwaid Men 
of scKuice are now suthciently w(‘ll acquainted with Pievost’s theory of exchanges, 
and its recent cxtcmsiou Wo know that in an encloMiie, the walls of which are 
kept at a constant hunpiuatuie, evm'y substance will ultimately attain the very 
same tempeiatuie as these walls, and v\o know also tliat tins tempeiatuie-equili- 
brium can only bo brought about by the absorption of every particle being exactly 
equal to its radiation, an equality which must sepaiah'ly hold for every individual 
kind of heat wdiicli the enclosuie radiates This theoretical conclusion is sup- 
poited by numerous expmiinents, and one of its most important applications has 
been the analysis of the hear enly bodies by means of the spectiosiope Let us 
now suppose that in sudi an euclosuio we have a body in visible motion, its tem- 
peiaturi', liowiwer, being pieiisely the sanu' as that ot tlu' walls ol the enclosuie. 
Had th(' body been at lest, we know from the theory of exchanges that there 
would have been a pmti'ct equilibrium of tempeiaturc between the enclosure and 
the body, but then' is kcisou to believi' that this state of tcmperatui(‘-equihbiium 
IS brokmi by tin* motion of tin* body For we know both fiom theory and expe- 
riment that if a body, such loi instance as a star, be (utiier lapidly appioaching the 
eye of an obseivcu oi leccdiug from it, tin* lavs fiom the body winch stiiKe tlie eye 
will no longer be precisely the same as would have struck it had the body becm at 
the same tiunpeiatuie and at rest — just as the whistle of a lailvcay ('iigme rapidly 
approaching an observei will have to him a dilieient note' from that which it 
would have had il tlu> (‘ngim* had been at rest The liody at motion in the 
enclosuie is not tlunetoie giving the enclosuie those piecise rays which it would 
have given it had it been at the same tempeiatuie and at rest, on the other hand, 
thc> rays which aie leaving the encdosuie are unaltered The enclosure is there- 
foio leceiving one sc't of lays and giving out another, the consc'quence of wdiich 
will b<‘ a want of tempeiatiue-c'cpiilibiuim in the enclosure, m other vvoids, all 
the various particles ot tlu' cuiclosme will not be of tin' same tempeiatuie Now, 
what IS till' consecpieiice of this ? The consequence will be that we can use these 
particles of diilereiit tc 'in pen at me so as to transmute part ot their heat into the 
energy of visible motion, just as we do in a steam -engine , and if it is allow’able to 
suppose that dmmg this piocess the moving body has letained all its eneigy of 
motion, the result will be an increase of the amount of visible eneigy within the 
enclosuie', all the pai tides of which vvc'ie oiiginally of the same temperature But 
Sir W Thomson has shown us that this is impossible', m other words, we cannot 
imagine an incic'ase of the visible ent'rgy of such an enclosure unless we acknow- 
ledge the possibility of a perpetual motion. It is not, therefore, allowable to sup- 
pose that in such an enclosuie the moving body continues to letain all its energy 
of motion, and consequently such a body will have its eneigy of motion gradually 
stopped Fvidently in this aigument tlie uae of the enclosure has been to enable 
us to deduce our proof fiom the known laws of heat and energy, and we may alter 
the shape of the body without alh'cting the result , in otlu'r words, we should 
expect some loss of visible energy m the case of cosmical bodies approaching or 
receding fiom one another 


On a new Bteam-gouye. By Prof. Cn. V. Zenger. 

This gauge is intended to avoid the defects of common air-gauges, which have 
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hitherto prevented the emplo^ent of the air-manometer, and at the same time 
to be more accurate and unalterable m its working than the spring gauges now 
commonly used for steam-boilers In the first place, it is a great defect in the 
common air-gauge that the divisions on the manometric tube diminish rapidly at 
high pressures, and consequently tho reading becomes less and less accurate the 
higher the pressure. The new steam-gauge, on the contrary, possesses tho same 
degree of accuracy at all pressures, and oven enables us to maKe the accuracy of 
reading greater at higher pressures 

Another serious defect of the air-manometor is the liability to rupture of the 
narrow column of mercury when the steam is suddenly shut off or turned on. 
This 18 entirely avoided in the present instrument by the use of two closed vessels 
communicating with each othei only by very narrow capillaiy tubes. Finally, the 
small column of mercury enclosed in the glass tube of common air-manometers is 
subject to capillary di'piession, and to the distuibing efiects ot heat upon tho air- 
bulb and upon the mercuiy 

In the instrument now to be described it is sought to avoid these defects by not 
using capillary tubes foi tho manometer, and by disposing tho air and mercury in 
such a way as to make the effect ot heat insensible 

The air-tube of the manometer consists of a series of tubes of equal length, but 
different diameters, joined together by means of a blowpipe, and ending at tho 
top in a glass bulb The lower end is connected by an air-tight screw, joined 
AVith the fiist of two iron vosseds containing each mercury oi some other liquid, 
and communicating only by a very nairow capillary tube or channel 

Tho manometric tube is sealed at th(‘ bottom, but there arc two fine capillaiy 
openings through the side at points below the surface of the mercury or other 
liquid contained m the two iron \ essels Ibnice tho communication of pressure 
from the steam or othei compressed gas, whose pressure is to be measured, and 
which presses directly upon the surface of the liquid in the second iron vessel, can 
only take place through a system of two capillary channels , and tlie resistance 
which these channels oppos(' to the motion <if the mercury', b\ which they are 
filled, makes it impossible foi sudden changes to occur in the lu'igbt of the mano- 
metiic column, and thus entirely prevents the duision of the column or the entry 
of steam or gas into tho manometer 

The capacities of the tubes and of tho globe, which compose the manometric 
tubes, are so adjusted that they decrease m the same ratio in which the pressure 
increases, which is evidently what is requiied by INIaiiotte’s law in oider that an 
increase of piessure of one atmosphere may cause the first tube to be filled by the 
enclosing liquid, and that a further increase of pressure of the same amount may 
cause the second tube to be filled, and so on, each equal increment of pressure 
causing the same use of the liquid in the manometric tube This adjustment of 
the capacities is effected as follows * — Let the capacity of a manometer, to be di- 
vided so as to show pressures up to, say, four atmospheres, be called unity, and let 
fio tne capacities of the first, second, and thud tube and of the 
terminal globe respectively, then wo have — 

i' 3 -)-yi = l for one atmosphere. 
yi= 5 for two atmospheres, 
for three „ 


This gives for the capacities of the tubes and their radii 


’i= - 


1 . 2 ' 
~2 . d’ 


^1 — tV' 


d . 4 




^i_ 

1 

1 
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where h is the length of each tube. To prevent accidental breakage of the mano- 
meter, it is fastened to the graduated brass plate, and with it screwed to a glass 
cover \ of an inch thick, capable of supporting a pressure of 20 atmospheres. 


Electricity and Magnetism. 

On the Injliicnce of Clean and Unclean Surfaces in Voltaic Action. 

By Thomas Bloxam, Lecturer on Chemistry^ Cheltenham College. 

1. Gas was evolved by tlie contact of zinc and platinum surfaces, then an equal 
amount fiom the same surfaces when the platinum had been cleaned by hot oil 
of vitriol, the tim(‘ was (>xactly half when the clean surfaces were used, contact of 
the surfaces with the fingeis or dipping them in solutions of vaiious substances was 
found to letard the evolution in a very marked di'greo. 

2 Il‘ ating the platinum in a nu'nsure eleancd it, but not so satisfactoiily as hot 
oil of \itriol Copper and other metals beha\ed similaily to platinum 
.3 riatini/ed silver, from its method of maiiufactuie, appealed to bo already 
clean, no advantage being obtained by chemically clcanin<^ it 

4 Mechanieally roughened sui faces of platinum exhibited a decided advantage 
ov er smooth ones 

T) The ctdl of a Smee’s battery, examined by a gal\ anometer, gave vastly better 
results when the negative pLite had been cliemically cleaned 

G. Voltameters, the plates of which had been chemirally cleaned, exhibited a 
maiked supeiioiity o\ei those not so cleaned , thus it appeals that in all voltaic 
action the lesult.s are supmaoi wheie the surfaces of the negative' metals, elec- 
trodes, &c. have been chemically cleaned, and that meie contact with the finger is 
sufficient to modify the evolution of gases fioni the suiface. 


On a new Form of Constant Galvanic Battery By Latimer Clark, C.E, 
{E vtr acted fi om a Letter to Sir William Thomson.) 

I have spoken to }ou seveial times about a form of batteiy which can be set up 
under such conditions as to (uisuie umfoimity of tension within limits of about 0/5 
or OG per cent., and that without any special piecautions as to the purity of the 
mateiials emplo}cd I have not yet been able to make the necessaiy expeiinients 
for detei mining its value in absolute units, though I hope shortly to have made 
an independent determination. I have, however, set up about 200 of tho 
elements in question, and have measured them on about .30 difleient days ; 
and from tho mean of these expeiimonts, taking the Darnell at 1 079 volts, I make 
this element to be 1 403 volts In obtaining this result I have had to make care- 
ful measurements of electromotive foice of moie than 1000 different elements, 
comprising some 40 or 50 dilfeient kinds , in fact 1 have been working at it for 
six years 

llio element in question varies about 07 per cent for each degree Centigrade, 
getting weaker with inci eased tempeiaturo • the temperature at which our com- 
paiison with tho Darnell’s cell is made is 18° Centigiade 

The element consists of a cylinder of pure zinc resting on a paste of protosulphate 
of mi'rcury and satuiated solution of sulphate of zme, pi eviously boiled to expel the 
air, the other electrode being metallic mercury, connexion beings made with the 
lattei by a platinum wire It is desirable that the materials should be pure , but 
if commercial materials be employed the error does not exceed 00 per cent, at first, 
and after three or four hours the value becomes sensibly the same as with pure 
materials 

The precautions necessary are that the protosulphate of mercury should be free 
from persulphate, and that the solution of persulphate of zinc should be supersatu- 
rated. Tho elements do not vary sensibly for two or three months, say 05 per cent. 

It 18 essential that the element shoidd not he woiked through small interpolar 
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resistance ; but the measurement should be made by the use of a condenser, or, 
inhnitely better, by my “ Potentiometer,” which, with a Thomson’s reflecting 
galvanometer, readily measures to the millionth part of a Damell’s cell, or very 
much less if required. 


Notice of and Observations with a New Dip-circle. 

By J. P. Joule, LL.D., F.li.S., ^c. 

The method of suspension of the needle, which formed the principal feature of 
the new instrument, was explained. The increased facilities of obseivation had 
enabled the author to trace the diurnal vaiiation of inclination with greater 
accuracy than he believed had hitlieito been done. At Manchester, about the 
summer sohstice, tlie gieatest inclination was found to occur at 21'^ 40™ local time, 
and the range extended to 5'. The simultaneous vanation of horizontal intensity 
was such as to indicate that the total intensity was very nearly a constant quantity. 


On Thermo-electricity . By Professor Tatt. 

It results from Thomson’s invcstioations, founded on the beautiful discoveries of 
Peltier and Cumming, that the graphic repri'sentation of tlie electromotive force of 
a theimo-electric circuit, in terms of tempeiatures as abscissae, is a cuive symme- 
trical about a veitical axis This I havi' found to be, witliin the limits of expeii- 
montal en’or, a parabola in each one of a ^('ry extensive senes of investigations 
which T have made with wires of ('very nn'tal I could procure To veiify this 
result with great exactnc'ss, and at the same time to (‘xtend the trial to tempeiatures 
beyond the lange of a meicuiial thermometei, I mad(> a giaphic representation, m 
which the abscissa) weie the succa'ssive indications of one circuit, the ordinates 
those of another, tin* tcnipeiatuies bt'ing the sanu' in both It is easy to s('e that 
if the separate circuits give parabolas (as above) in terms of tenipeiature, this pro- 
cess also should lead to a pauibola, the axis, howi'ver, bring no longer veitical 
This severe test was well home, even to tc'inpeiatures appioaching a dull red heat 
Unfortunately, it is difficult to procure wires of the nioie infusible metals, with the 
exception of platinum and jialladmm, so that I have not yi'thi'cn able to push this 
test to veiy high tempeiatuies f hopi', howevei, with the kind assistance of 
M. II Sainte-CIaiie Deville, to have wires of nickel and cobalt, with which to test 
the parabolic law through a very wide lange 

Parabolas being similar figuu's, it is easy to adjust the resistances m any two 
circuits so as to make tlu'ir paiabolas (m teiins of tempi'rature) eipiid Wlu'n this 
13 done, if the neutral points bo difleient, it is obvious that by making them act in 
opposite directions on a differential galvanometer we shall have deflections diiectly 
piopoitional to the teniperatuie-ditleiencf's of the junctions 

It is a curious result of this investigation, that, supposing the parabolic law to be 
true, the Peltier ('fleet is also expressed by a paiabolic function of temperature, 
vanishing at absolute zero 

I was led to this inquiry by a hypothetical application of the Dissipation of 
Energy to what 'I’liomson calls the ('lectiic convection of heat, and my lesult is 
verified (within the range of my expeiimcnts), that the specific heat of electricity 
is directly pioportional to the absolute tcmperatuie It is scaici'ly neccssaiy to 
point out that the above results a'ppear to promise a very simple solution of the 
problem of measunng high temperatures, such as those of furnaces, the melting- 
points of rocks, &c. 


On a Method of Testing Submerged Blectric Cables, By C. F. Varley. 


On a New Key for the Morse Printing Telegraph, By Cn. V. Zenqer, Pro- 
fessor of Natural Philosophy at the Polytechnic School in Prague, 

I had devised in 1808 a new automatic key to work the Morse telegraph. 
It produced three marks, viz. a point, a short line, and a long line. It con- 
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sisted of three levers ; by pressing them down steel springs moved along a very 
short, or along longer sheets of conducting inateiial, and formed thus three signs 
of different lengths. Yet there was a certain time required to woik the three keys , 
to obviate it, and to put the t('legraphist entirely at his ease as to the speed attain- 
able for him, and to obtain in suen a manner the highest speed possible, I con- 
structed the key in another manner. 

A clockwork arrangement moves a small wooden cylinder, whose steel axis is 
attached to it by a liandb', and lotates with great \elotity, the rate of velocity 
being accurately indicated by sounding a small bell as often in a second as the 
cylinder will re\olve iii the same time. 

The wooden cylinder beais three thin ciicnlar disks of biass attaclic'd to the 
steel axis of the cylinder , these disks are dilleiently cut out, in such a manner that 
the first is a full circle of 800°, the second a sector of nearly ll20^, the rest of the 
circle being covered with an insulating niateiial, viz. wmod oi india-iubber, to pio- 
vent metallic contact. 

The third disk is only a segment of 10°, the rest being cut out and colored with 
the insulating mateiial 

Three levers, put in fiont of the three disks, bear on then ends platinum wires or 
plates that toucu the disks duiing one levolution of the c} linder when piessed 
down. 

From the levers a conducting-plate, uniting them, leads to the printing apparatus, 
and the levers aio reduced to their former position by strong steel springs, so that 
they regain rapidly their positions after the pressure of the linger has ceased What- 
ever be the velocity of the paper and the rollers, and the clockwork moving it, the 
relative length of the sizes and their distances lemain unalterably the same 

In the model presented to the (fencral Post Office, the motion endures for 15 
minutes, and, being only a model, it is vvoiked by a spiiiig, and it has no rollcis for 
the paper. 

In the working apparatus for telegraphic use, the rollers and whole printing ap- 
paratus aie attached to the key, and the same clockwork moves both the lolleis 
and the rotating c} Imder, torining thus only one appaiatus together Fiom that 
contrivance wo obtain — 

1 A quite equal distance between tlie signs, as in printing 

2 By putting the fans of the clockwork in diffeiently niclmed positions, the 
velocity may be carried to as great an extent as a clevei chak can manage it 

tl By using tliiec* signs instead of two, the signs foi letters, hgiiies, and phrases 
are reduced about one-third, and as much of time and space is spaied. 


Meteorologt. 

On the Importance of the Azo/c<{ a? a Meteorolopknl Station. 

Bif Dr. Buys Ballot. 

In this paper the author classed his remarks under tliioe heads • — (1) as to tlm 
importance of the station , (2) as to the present condition of the question of ils esta- 
blishment a (•>) hat remains to bi' done Ife showed that, although w^e liavi* veiv 
copious results of observations made by vessels cios-'ing the vaiious oceans iii all 
directions, theio is great deficiency of actual obsenations at^/iicd poiiit« Attei 
pointing out the vmy important poMtion occupied by the A/oies, as illiistiated by 
the reseaiches of Mr Buchan and Prof Mohii wnth reference to the noinial tiacks 
of European storms, and also in then l3ing mi comjiletelv m the path of mei chant 
vessels. Dr Ballot explaini'd that about five jears ago ho submitted to the 
Biitish Acluiiralty a pioposal for establishing a chain of baronietiic stations in the 
IS. and W of the British Isles, and at the Azoies, and obtaming meleorglogical 
reports fiom thence. In April IHGG he applied to the Poituguese (loveimnent 
and to various learned meteoiologists , and the Directoi of the Lisbon Obseivatory 
has been to Holland to consult Dr. Ballot on the suliject 

A concession has been granted for the lading of a cable to the Azores ; a learned 

1871. 4 
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Portuguese has undertaken to provide the instruments and instruct the observer. 
The only expense involved is the charge for the transmission of the telegraph- 
messages ^ it would be most unfair that a country like Portugal should bear all the 
cost (about £350 per annum for one message daily) ; and Dr. Ballot thinks that it 
should be raised jointly and proportionally by the European IMaritime States, all of 
whom would largely benefit by the adoption of the proposal, 


Mean Temperature of Arbroath. Latitude 56° 33' 35” North, Longitude 
2° 35' 30” W. of Greenwich, By Alexander Brown, LL.D. 


Months 

Mean temperature 

Mean Temperature 
of different Periods 

Differences 
between 4 years 
and 


1 

2 

3 

4 

5 

0 

7 

8 

1807 

1808 

1809 

1870 

4 

years 

13 

years 

22 

years 

20 

years 

13 

years 

00 

years 

20 

years 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

January .... 

33*0 

41 3 

41 0 

364 

37 9 

37 5 

36*4 

36 6 

-04 

- 1 5 

-I 3 

February 

42’ I 

4 ^ 3 

42 7 

36 7 

409 

384 

37 ° 

37 6 

-2 5 

-39 

- 3‘3 

Marcli . 

37*8 

43 6 

38 9 

40 8 

40 2 

39 9 

397 

39 7 

-0*3 

-0 5 

- 0*5 

Apnl ... 

47 1 

47 4 

47 7 

480 

47 'S 

48 0 

438 

44 3 

+ 0 5 

-3 7 

-3 2 

May 

47 4 

52 6 

46 8 

52 3 

49 7 

49 7 

49 2 

49 2 

C 0 

-05 

-05 

June 

55*9 

57 I 

546 

577 

56 3 

55 9 

55 3 

55 4 

-04 

— 1 0 

-09 

July 

540 

60 6 

61 6 

61 0 

59 3 

58 3 

1 582 

583 

— I 0 

— I I 

-"I 0 

August 

58 6 

59 5 

578 

5^4 

58 6 

57 6 

! 572 

57 4 

— I 0 

-1 4 

— 1 2 

September 

557 

546 

55 4 

55 I 

55 2 

54 3 

53 4 

53 6 

-09 

-I 8 

1 

-16 

October 

47 7 

45 5 

48 I 

47 7 

47 2 

47 3 

46 8 

46 9 

+ 0 I 

-0 4 

-0 3 

Aovembor 

42 5 

41 4 

41*6 

40 0 

41 4 

40 8 

404 

40 5 

— 0 6 

— I 0 

— 09 

December .. 

388 

41 2 

352 

35 3 

37 6 

388 

37 9 

37 9 

4-1 2 

+0 3 ' 

-fo 3 

Means 

467 

48 9 

47 6 

1 

‘ 47 4 

47 6 

470 

46 3 

464 

— 06 

-13 

— I 2 


The author constructed from his meteorological journals the foregoing Table for 
the pui pose of showing the Mean Annual Temperature at Arbroath, m the county 
of Forfar, on the east coast of Scotland In the Table, columns nos. 1, 2, 3, anil 
4 give the monthly mean temperature, and also the annual mean temperatuie, of 
each of the years 18()7, 1808, 1809, and 1870 The warmest of these four yeais was 
1808, and the coldest the year immediately preceding, namely 1807 The moan 
temperature of 1808, as shown by the 'liable, was 48 ’ 9, and that of 1807 40° 7, the 
diflerenco between the warmest and coldest year of the four being 2° 2. C'olumn 5 
IS the mean of the monthly and annual temperatuie of the four years already men- 
tioned ; column 0 is the mean of 13 years, from 1857 to 1809 inclusiie, co- 
lumn 7 IS the moan of 22 years, fiom 1845 to 1800 inclusive ; and column 8 is tho 
mean of 26 years, from 1845 to 1870 inclusive. The annual mean temperature of 
the 4-year period is 47° 0, of tho-1 3-year period 47° 0, of the 22-year period 40° 3, 
and of the 20-year period 40° 4 It will be observed that the annual means of the 
two long periods difler by only one tenth of a degree, and are therefore a near ap- 
proximation to tho mean temperature of the locality 

The thermometers used are the Minimum thermometer of Rutherford and tho 
Maximum thermometer of Nogretti and Zanibra, wEich have been tested by the 
Standard* instruments of the Scottish Meteorological Society. They are attached 
to a wooden frame fixed to a window-, sill having a northern exposure Very great 
care is taken to protect tho instruments fiom the effects of radiation and other 
causes. Tho thermometers are placed 11 feet from tho ground and 70 feet above 
the level of the sea, and distant therefrom 783 yards in a direct lino. 
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On the Thermo-Dynamics of the General Oceanic Oircfulation. 

By William B. Carpenter, LL.D., M.D., F.B.S, 

The object of this communication was to bring under the consideration of Phy- 
sicists the fact, ascei tamed by recent Deep-Sea explorations, of the general preva- 
lence of a tempcratnie not much abo\e F. ovoi the bottom of the great Ocean- 
beds, at depths gieatei than 2000 f.ithoms As it has been pro\ed by Temperature- 
soundings made m the Mediteiranean that the temperature of its bottom at like 
depths IS about 54^ F , it is ob'vious that depth, pei .se, has no relation to the pheno- 
menon And tlie explanation of it propounded by the author is, (1) that a body of 
Polar water Hows o\er the deepest portions of the Oceanic basins which communi- 
cate with the Arctic and Antarctic areas, (2) that this flow has its origin in the 
action of Polar cold on the water subjected to its influence, whereby a dcbcending 
movement is impaited to the whole mass; besides which, the Polar column, in 
\irtue of its preator density, will have a gieater downward pleasure than the 
Equatorial column at the same level, (3) that this bottom outflow will pioduce 
an indraught of the moio superficial stratum of Ocean w^ater towaids the Polar 
areas, (4) and that a vohent cnculaiion will thus be inamtamed by diflerence of 
Temperature alone, cariying the lowei cold stratum of Ocean water Ironi the Polar 
towaids tilt' Piquatorial aiea, and the upper waim stratum from the Equatorial to- 
Tvaids the Polai 

A difleient explanation of the facts, however, has been oflered by those who 
regal d the JIo) izontal Cncnlation, ot which the Tiade-winds are the pnmum 
mobile, as the sole cause of the ainelioiation of the tempeiatiue of the Aictic basin, 
by an afllux of waim watc'i , tor it has been urged that the driving oft of the 
siipeilicial stiatuni ot I'kpiatoiial watei in the Oult-stieam must produce a paitial 
\oid in that aiea, which well lie tilled by a deep indraught of Polar ivatei — This 
appeals to the authoi extu'inely impiobable, on gt'iieral physical giounds. A 
honzontal movement of surface-water m the open Ocean would not draw up water 
fiom below’’, so long as a Intel al influx can keep up its le\el, so that any such 
hoii/ontal \^hnd-curient must have another /ioiicoafu/ movement to complete the 
circulation Huch a honzoiital complement is obvious m the case ot the Gulf- 
stream, ot which one poition tuiiis round the Azoies to re-enter the I'lquatonal 
euricnt, thus completing the shelter ciiculation , whilst the other poition, which 
flows oinvaids m a N J'l dnection, has as its complement the various cold 
sm face-cun cuts which aie known to set southwaids, and of which it is shown by 
recent obsc'rvations tlial one tends towards the coast ot Mogadoi, sending an oft'set 
through the Stiait of (Jibialtai 

Fuithci, it was aiguc'd by the author that the temporaturo-phenomena obtained 
in lecent exploiations indicate that a Nik movement of the uppei stratum of 
Oceanic w atc'i extends between the coast of Spam and the haioo Islands to a depth 
of 500 or GOO fathoms, and that while this cannot be attiibuted to any propulsive 
action deiived tioni the Gulf-stream (the thinned out edge of which is less than 50 
fathoms m dc'pth), it is exactly such a flow as would be anticipated on the hypo- 
thesis of a vertical circulation sustained by opposition of Tempeiaturo. 


On the Mathematical Theory of Atmospheric Tlde<i. 

By the llcv. Professor Crallis, M A., LL D., F li S, 

The purpose of the authoi in this communication was to point out a process of 
analyti^il icasonmg by which the solution of the problem of atmospheric tides 
miglit he stnctly deiived fiom the geneial equations of hydrodynamics. For the 
sake of siniplicity, the surface on which the atmosphere rests w'as supposed to be 
exactly spheiical, the eaith was conceived to have no motion of rotation, and the 
tidal motion to be produced bv the moon revolving westwaid in the plane of the 
eaith’s equator, at her moan distance (K), and with the mean relative angular 
velocity (a) Also it was assumed that the relation between the pressure (p) and 
density (p) IS at all times and at all points of the atmosphere p = o^p, the eflects of 
variation of temperature not being taken into account. n t. . • • 

As tidal motion is oscillatory, and the oscillations are bo small that it is un-* 

4 * 
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necessary to proceed beyond tlie first order of small q 
tions, expressed in the usual notation, weie adopted 
and approximate for the purpose . — 

(P(fi __ (l’(f) d-(f) . (P<f) 

a^(W dx^ dy^ dz^ 


nantities, the followinp: equa- 
as being sufiiciently general 


0) 


aHdp ) 

P 


= Xdv + Ydy 4- Z(?s — d . 


d(j^ 

dt 


( 2 ) 


The proposed method of solving the problem of tides requires, first, that equa- 
tion (1) should bo satisfied by a particular integial of assigned form, and tlieii 
that the arbitrary quantities contained m this integial, together with that aiising 
from the integration of equation (J), sliould admit of being determined by the 
given conditions of the pioblem llefoie giving the details of the method it is 
necessary to state the meanings of the liteial symbols 

The resolved parts of the velocity being 7i, v, w at the point xyz at the tune ty 

d(p = iidx -|- vdy -f- wdz 

The attractions of the earth and moon at the unit of distance being respectively G 
and the impiessed foices X, Y, Z are the resolved parts of the forces 


Cf 


7 


7)1 


and 


7)t 


r’ being the distance of the particle at vyz from the moon Tlie angular distance 
of the moon westward from the meiidiari of Gieenwieli at the time t leckoned fiom 
the Greenwich transit is If \ bvO the n irtli latitude, and B the longitude west- 
ward, of the point xi/z distant by ) from the eaith’s ceiitie, 


ar = i cos A cos d, ?/ = ;cosXsmd, z = rsinX. 

^ After transforming by these formula) the rectangular cooulmates in equa- 
tion (1) into the polar coordinates d, X, foi ceitain specified leasons the author 
assumed that 


1(f) =r /(/’) cos^Xsm 2(d~fu!), 

and then found tliat equation (1) is satisfied by this value of if the form 
of f be detei mined by integrating the equation 


(If 

dr^ 


( 


G- 



0 . 


This integration gave, after omitting the extremely small quantity the fol- 

lowing value of (f), containing two arbitrary constants • 

(p = (C;^ 4- CV~^) cos^Xsin (20— yt). 

The remainder of the reasoning depends altogether on this value of </>, which 
was considered by the author to bo iiidispensablo foi tin* solution of th(‘ problem 
of atmosphenc tides, and, as fai as he was awaio, had not been before employed 
for that purpose 

^ Tor deteimmmg the tliice arbitraiy quantities theie are three conditions. That 
introduced by the integration of equation (2) is detei mined by the condition 
that at eitlier pole of the eartli the density has a constant value, because, as may 
be inferred fiom the expics-^ion for (j), the aeiial columns having their bases at 
the poles are motionless A second condition is, that at the earth’s surface the 

vertical velocity, is always zero ; so that if b be the earth’s radius, C'= 

The third condition necessarily has reference to the circumstances of the fluid at 
its superior boiindarv, respecting' which the author argues as follows — 

^ That the height of the atmospheie is limited may be inferred from the considera- 
tion that, by the continual diminution of the density with the distance from the 
earth’s surface, the upward molecular repulsion must eventually be no greater than 
the downward acceleration of gravity, in which case there can be no further upward 
action, and the fluid teminates by an abnormal degradation of the density down 
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to zero at the extreme limit. The particles within the siipei’ficial stratum subjected 
to this distuibance are maintained in equilibrium by the combined action of mole- 
cular lepulsion and tho earth’s attraction, till at a small distance from the extreme 
limit, wliere tho abnoim.il variation of density ceases, the density is such as mifrht 
result fiom a veiy small constant pressuie applied at all points of a siiiface bounding’ 
a terminal density of finite value (Views of this kind lespectiiig the condition of 
the atiiiosphcre at its supeiior limit vveie cntt itaincd by Poisson ) On these prin- 
ciples it IS easy to find a mathematical i elation between the teimmal density and 
the height of the atmosplieie. The author has, in fact, made the calculation on 
the supposition tliat the atmosplieie is 60 miles hn>h, and obtains a teiniinal density 
equal to six-millionths of that at the eai Ill’s siniacc' 

According to the above views a particle at tlie superior boundary may be sup- 
posed to remain at the suiface, and to bo of the same density, in successive instants. 


This condition is expressed by equating the complete dillerential coefficient 



to zero By means of this additional equation the value of tho constant C can bo 
calculated on assuming a ceitain height foi tho atmosplieie. Supposing the height 
to be 00 miles, the author obtains (’ = 0 0000008^10/* 

Tho aibitrary quantities being determined, tlie following lesults aio readily 
obtained * — 


Height of tide abov^e tho pol.ar column, e\pios‘=ied iii feet, 

= 1 084 COS’* X + 1 275 cos^ X cos 2 (d — fit). 

At the eqiiatoi, wheie X=0, diftercnce between high and low tide =2 55 feet. 
Excess of barometei -reading abo\c that at tho pole, expressed lu inches, 

=0 00117 cos^ X-f 0 00139 cos-X cos2(d-/*0. 

At tho equator the maximum difference of tho barometer-readings = 0 (X)278 m. 

Tho data employed in c.alculatmg these coefficients w’ere — 

(i “ 70’ 11 ~ (lO 3’ q 82-' ^ 289’ 


the density of air =0 0013, the dcn^^ity of meicuiy =1.1 5(*8. 

Tlie above determination of tin' m.ixniium dilleiencc of baiometei-ie.'idings at tho 
equator admits ot conipaiison viitli the lesulls of baionietiic observations made at 
St. Helena and at Sing.ipoie, as givam m p 129 of the Philosophical Tiaiisactions 
for 18-52. These icsults agice with the theoiy in placing the high tide immediatidy 
under the moon , butthe maxiniuin diflei cnee of readings is 0 00365 in at.St Helena 
aiidO 00-')70in atSingapoie Both c onsequently aie in excess of the theoretical value 
0 00278 111 But it IS to be lemaiked tliat the latter d( pends on tlie assumption 
that the almosphei(> is (iO miles high, if it hud betm supposed of less height, say 
40 miles, thcie would hav e been a closer agiecment between the obscived and theo- 
letical values 

The au th 01 ’s theory accounts in a lemarkablc manner for tho fact that although 
for tho atmosphere high tide occuis under the moon, theie is reason to say that for 
a general ocean of the unifoim depth of thiee oi foui miles it would bo low tide 
under the moon. The explanation given by the theoiy is, that there is a certain 
depth of ocean or height of atmosplieie for winch the tide becomes infinite, namely, 
when the rate of propagation of weaves, as due to the eaith’s attraction, is equal to 
tho rate of the moon’s relative rotation about the eaitli. In that case the tide 
would be accumulative, and might be of unlimited amount ''J’his ciitical depth, 
or height, is shown by the theoiy to be about 8 4 miles for each fluid. It is because 
tho actual mean depth of the ocean is less, and the actual height of tho atmospheio 
greater, than this ciitical value, that the ocean-tide under the moon is the opposite 
of the atmospheiic tide. 


Jiemarls on Aerial Currents. By Prof. Colding. 
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On Wet- and Dry-hulb Formulae. By Prof. J. D. Everett, F.R.B E. 

The author said August, Apjohn, and llegnault have investigated foruiulso for 
determining the dew-point, hy calculation, fiom the temperatures of the dry- and 
wet-bulb thermometers , but Regnault’s experiments on the specific heat of air 
were not performed till a later date, and nil these authois have adopted, in their 
investigations, the value obtained by Dolaioche and Beraid, winch is 2G7, whereas 
the correct value is 237. But when this con ect value is introduced into Reg- 
nault’s formula, the discrepancies which he found to exist between calculation and 
observation are increased, and amount, on an average, to about 25 per cent of the 
difference between wet-bulb temperatuie and dew-point August and Apjohn 
erred in assuming that all the an which gives heat to the wet bulb (1) falls to the tem- 
perature of the wet bulb, and (2) becomes satin atcd These two false assumptions 
would jointly produce no error in the result, if the dopiessions of tcinpeiatuie in 
the diffeient portions of air affected were exactly pio])oitional to tlieir increments 
of vapour- tension, and if some of the air were saturated at the teinpeiature of the 
wet bulb But it is probable that, when theie is little oi no wind, the mass of air 
which falls sensibly in tempeiaturo is larger than that wliieli receives a sensible 
accession of vapoui, and that, in high wind, tin' sujiposition that some of the air 
has fallen to the temperature of the wet bulb is moio nearly fulhlh^d than tho 
supposition that it has taken up enough \apoui to satin ate it The effect of radi- 
ation, which IS ignored in tho foiinuhe, tends in tin* same diiection as these two 
inequalities, and all three aie roughly compensated by atliibuting to air a greater 
specific heat than it actually has. The disciepancies abo\e lefeiied to aic thus 
explained. 


On tlce General Circulation ami Distrdmtion of the Atmosjihere. 
By Professor J. D. Everett, F.li.i^.E. 


The object of this paper was to call tho attention of nieteoiol()gi',ts to a theory 
which isjointly duo to Piof James Thomson of Belfast, and 5Ii IVncl of Boston, 
U S A., and which gi\ es the only satisfactoiy account of the giand cuiionts of 
tho atmospheie, and of the distiibutioii of barometiic piessuie over the eaith’s 
surface, the iriegulaiities aiising from the distiibution of land and water being 
neglected. Independent pioofs weie aho given of some of i\li Fmiers lesult.s 
In virtue of the earth’s rotation, with angulai velocity co, a body, in latitude X, 
moving along the eaith’s surface with iclative linear velocit> v, tends to describe 
on the eai til’s suifaco a cinve concave to tho body’s light in the noithein .ind to its 
left in tho southern hemisphere, the radius of cuvature of the concavity being 

— feet, if the velocity is in feet per second. Tlio defh'ction from a parallel of 
sinX . 

latitude into a gieat circle is usually negligible in comp.xiison, being repiesented 
by the curvature of a ciicle of radius R cotan X, wheie R is tla^ eaith’s radius 
To keep the moving body in a great ciicle, oi in a paiallel of latitudi', requiies 
a constrammg foice per unit of mass equal to 2cosiiiX c, which if the foot and 

second be units, is j anff this foimula applies alike to all horizontal directions 


of motion. _ 

The air over tho extra-tropical parts of the eaith has, upon the vvdiolo, a lelativo 
motion towards the east, and theiefore presses towauls the tropics with a foice 
which can be computed by the above foimula, if the I'astwaid velocit} at each 
parallel is known. If v denote this velocity at any paiallel, in feet per second, 
the inciease of piessure per degree of latitude at that paiallel is 0010 y sin X inclies 
of mercury This is sufficient to account for the obsoived increase of pressure 
from the poles to the tropics, which may be roughly stated at 01 inch per degree. 

Between the tropics, the general movement of the air, lelative to the earth, is 
towards the west, and the increase of pressure is theiefore fioni the equator towards 
the tropics. 

If any stratum of air have less than tho average eastwaid or westward ve- 
locity (relative to the earth) vv^hich prevails through the stiata above it, it will 
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not be able to resist the differential pressure from or towards the equator whicli 
their motion produces. For this reason, the lowest stratum of air, having its 
velocity relative to the earth kept down by friction, generally moves from the 
tropical belts of high barometer to the regions of low barometer at the poles and 
e(]^uator This is the origin of our S.W. winds, and of the prevalent N.W. winds 
of the Southern oceans, which must be regarded as constituting an undercurrent 
towards the pole, beneath a topmost cm rout, also tow^ards the polo, and a middle 
return current Jletween the tiopics, on the other hand, the motion thus generated 
in the lowest stiatuin of an coincides with the motion due to ditleience of tem- 
perature, and this is probably t)ie reason why the trade-Avinds aie more constant 
than the winds of the tempeiate zones. 

Excess of tenipeiaturo and moisture in the equatorial lenoiis is unquestionably 
the prime mover of the winds, as has long been believed , but the cromntj of the 
tvtnd'> at the tropic, which has often been coupled with it, is a physical im- 
possibility 

The tendency of a moving mass of air to sweive to its owm right m the northern 
hemispheio explains the well-established law (13u}s llallot’s), that the wind, in- 
stead of blowing at right angh's to the isobaric lines, and so lunnmg down the 
steepest giadumt, usually makes an angle of only 20° or 00° with these lines, 
keeping the region of lowoi barometei on its loft The rotation of cyclones is an 
example of this law , and tlie pressuie wdiich the spiially inflowing streams exert to 
their own light in viituo of the earth’s lotation is the mam cause of the excessive 
central depiession 

Hefeieiieo was made to Piof .T, Thomson’s paper in the Biitisli Association Ke- 
port foi 1857, and to papers by INli Fi^rrel in the ‘ Amoiican Mathematical Monthly 
tor 1800, and in ‘ Natuie,’ July 20, 1871. 


Ohsc) vations riiysiqucs en Ballon, By M. J xnssen. 

The Ixjlaence of the Moon on the Bainfall. By W. Pexoelly, F 11 S. t|c. 

The authoi tommeiiced by st.iting that though many of the populai beliefs le- 
spectiiig “The Moon and the Weatliei ” w'eie no doubt iitteily untenable, Sii .]. 
Iieisclu'l and M Viago toncuiied in the opinion that, on the whole, the lamfall 
was somewln.t below the cemual aveiage about tlu' time of full moon, and that the 
tact was asmbable to tlie ellecL of the solar heat ah^oihed by the moon and 
? by hei to us He then pioeeeded to show that the heat thus received by 
us must be gr<‘atest when, oi veiv soon aftei, the moon wais full, when she was in 
peiig(*e, aiul (in the noitlieru h> misphme) w'lien she had noith declination, that 
the ellei t of this lieat wanild be a dimmutiou ol the lainlall, notduinig the lunation 
as a wJiole, but duiiiig a eeit<uii poitioii ol it, and theiefoie an augmentation 
diiiing some othei peiiod , that the eliect w ould be \ aiiable and nev er i onsidmable , 
and that in the noithein hemispheio it would bo a maximum wdien the moon was, 
at one and the same time, full, m peiigee, and in hei highest noith declination 
The paper was illustiated with seveial tables and diagrams based on lamtall obsei- 
xations made at Toi quay dining eighty-seven complete lunations ending with 
January 11), 1871 

The following wei e amongst tlu^ conclusions with which the paper closed — 

No indication ot the moon’s influence on the ramtall can be detected in the data 
furnished by an isolated lunation, or by even a few successive lunations 

Though it may be doubted whether the lamfall statistics of a peiiod shortei than 
that in whu h the moon’s nodes complete a revolution, or of a solitary locality, 
would justify general infeiences, the data under discussion ajipear to indicate that, 
111 the long run, the moon does somewhat influence the lainfall , that on the 
average the dry peiiod of a lunation extends from the fiist day befoK' full moon to 
the first day before the thud quarter, and the wet peiiod from the day of the fiist 
quarter to the second day before the full moon , that the moon’s influence on the 
number of wet dajs is less marked , and that the rainfalls are, on the whole, rather 
least heavy when the moon has noith declination, and wdien she is in perigee — all 
indications haimoni/ing well with physical considerations. 
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On the Inferences drawn by Drs. Maymts and Tyndall from ihe 'tr Experiments 
011 the liadiant Properties of Vapour. By H. 11u»sell. 

Tho author agreed in the main with Tyndall’s deductions He endoavoiued to 
show that \ apour of water had no power of tiansniitting its ladiant heat into space. 
Tins proposition was supported by aigumeiits tioiii Aaiious natural phenomena. 


On PaiJieha, or MocL Sans, ohsei vcd in Ii eland. 

By William A. Tiuill, of the Geoloyual Burvei/ of Ireland. 

The author began by stating that the above phenomena were analogous to tho 
paraseleme or mock moons, and though of not unfrc'qnent oceuK'nce in northern 
latitudes, weie m these countiies of gieat laiity The phenomena observed by 
him wen* seen on the 28th of .Tanuary, 1800, near the village ot Strangford (Co. 
Down), lat. 21', long 85', west of Greenwieh, and timt appealed as three 
brilliant suns situated in the same hoiizontal line, about 15° to 20° above tho 
hoiizon, and of equal brightness Tho two outer, oi mock suns, giadually assumed 
the prismatic colouis, and lengthening out joined abo\ e, thus foi ming the “ oidmary 
halo,” 111 whith the red colour was nearest to the leal sun (’oncentiic and exteiior 
to it was another piismatic halo, tho “ cxtiaoidmaiy halo,” which was rather 
fainter, in which also the red coloui was inneiTnost 

Touching this latter externally was the ciieum/enithal halo,” which was by 
far the most biilliant of the three, lying as if hoiizontally oa eihead In this like- 
wise the led coloui was next the sun, thus foimmg the outer peiipheiy of the halo. 
The phenomena began a little aftei 2 pm, and lasted only foi about half an hour, 
attaining its gieate&t splendour at 2'‘ 20"* p m 

Thiougliout the duration of the phenomena the sky was of a cleai blue colour, 
and almost unobscuied , a lew light deecy ( loads were, howe^ ei, drifting noithwaid, 
slight ‘‘ cuius ” ( loads stretched acioss pai t of the slvy, fioni D to W , and thiough- 
oiit the whole time the points A\here tlie mock suns had first appeared continued 
the biightest. 

With legaidto the state of the wcathei at tho time, Ihe day was mild and line, 
no ram falling till the e\ening The suii was waim, but a cold southeily wind 
prc^ ailed. The moon was full on the punious day, and exceptionally high spring- 
tides occuired along the N 1*1 portion of the liidi coast. 

The barometer fell lapidly 7 inch within twelve hours The wind veered round 
gradually thiough TiO^, and increased in velocity fiom (5 to 88 miles an hour, tho 
thermometer langing fiom 42^ to 40°, and tovvaids ('veiling tho ram descended in 
toiienls^ The .succeeding ten days or foitmght was chaiacteii/ed by exce.ssively 
bad weatliei, i<im, and stoims 

The author l.istly touched on the dilleient thc’Oiie,s by which these phenomena 
( ould be nlo■^t easily accounted lor 


The Puogeess of Sciencf. 

Government Action on Snentijii Questions. 

By Lieut -Col. A. Siiianok, F Ii >S'., F B A S 

The author called attention to the number, vaiiety, and importance of those 
national duties, involving Science, which can be porfoimeci bv the Executive 
Government alone He pointed out that the J'higli.‘»h (lovernment posse.sscs 
as yet no provision for regulating the perfoimancc of these duties in a systematic 
manner He maintained that the lequisito piovision must consist of two addi- 
tions to the existing aii ministration, neither of wLich, however, unaccompanied 
by the other would suffice — namely, first, a IMinistei of Science j and, second, 

* From Observation.s at the Annagli Observatory 
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a permanent Consultative Council, to advise the vaiious departments through 
the Minister. Ilis purpose was not to endeavour to uproot the existing 
system, but to giatt upon it additions demanded by experience and the progiess ot 
knowledge. As'^uming that the Minister would be appointed for his station, 
parliamentary ability, and political lutluence, he would need adviseis, who should 
bo a permanent, well-paid, and theiefoie a responsible Council of Science, repre- 
senting all the mam oianches of science, the dillcK'iit aims of the military and 
naval services, commerce, agriculture, and tin* engineeiing piofc^-sion The Council 
should bo quite independent of ]ioliti(al iniluences The authoi desciibed the 
mode of election to the Council which lie piopo«.ed, and iii which lie would gne a 
certain voice to the Scientilio Societies Tlie duties of the Coumil Avould be — 
first, to ad\ise the rTOveinment on all questions aiising in the oidinaiy loutine of 
administration submitted to it by tlu' vaiious depailinents , second, to advise the 
Government on special questions, juc h as the toundnni: of new scientific institu- 
tions and the modification or abolition of old onc's, the sanctioning of scientific 
expeditions and applications foi giants for siicntific pnipo'-cs, thud, to consider 
and decide upon inventions tendenod to Goveinment foi the use of the State, and, 
fourth, to conduct oi supcuiiitond tlie expeiinieiits necessaiyto enable it to peifoim 
these duties This would not cntiicly udievc* the Goveinment of all lesponsibility 
in scientific matteiN The advantages to tlie nation atciuing tiom a sound and 
compieliensiv’e ndnmii^tialion of science vv'cne incalculable 

The author referied, for fuller pniticnlais legarding the subject, to liis paper 
On the Necessitv foi a PciniaiK'nt Commission on State Scientific (Jue.slions,” 
road before the Koyal United Sen no Instilntion on the 15th of May last, and 
published m No. 04 of the Journal ot the Institution. 


Obstacles to Saence-Tcaclnng m Schools. Bij the llev. W Tuciovull. 

After describing the slow piogie^^s made in scientific teaching since the Kcpoit 
of the Public Schools’ Uommission in 1804, and ch'chiiing that the fiist-dass 
lliiglish schools teaching science systematically at llie picsent momenlcan b o 
counted on the fingers of one hand, the author pi oceeded to show that the head 
masters were not altogether to bo blamed for this state of things 

They have inheiited an order of tuition some bundled ycais old, foiiifii'd witli 
minute, unbioken veneiable tiaditions, looked upon foi ages past ns tlie supremo 
instrument and test of intellectual power, whole and complete in il«!elf, snpportc'd 
by immense expeiieiice, worked by tiled nuicbinery Into llio midst of this well- 
mapped, well-pioved 8^*^10111 is tliinst a stiaiigo and foieign subject, conipiising 
many blanches, and demanding multifold appliances, whose yalne as a mental 
weapon they have liad no means of testing, they aie called upon to smrender to 
this a portion of the time whuh nlioady seems too slioit for otluT vvoik, and to in- 
augurate a department of school labour ovei which they can exoicise no soit of 
supervision or contiol. They ask for giiidanco in the new aiiangemcnts which 
they aie called upon to form , whether any one dcpaitment is educationally funda- 
mental to the rest , whether sciences ot experiment should precede or follow those 
of observ’ation , whatpoitions of the old course are to be abandoned, how far tho 
Universities, which 111 many cases stamp the pioctieal value of their woik, will 
recognize such abandonment. They look lound for accredited ti^achers and ap- 
proved text-books, for enlightenment as to tho amount of appaiatus and its cost, 
for details of teaching and of testing, and they look in v am. ’fhey must fall bade 
upon their owm moial consciousness, for no help is teucleied to them liom without. I 

E iace this helplessness of head masters first on the list of obstacles which wo 
ave to chronicle ; and I plead, for tho moment, m their behalf, almost more 
than in behalf of science. Por their attitude is frank and coidial , they are prepared 
as a body to meet the demands of the scientifie public loyally and wath all their 
might If those who are pressing modern subjects on thorn w’lll enteitain their 
just appeal and try to understand their difficulties, they will prove the best auxiliaries 
science can hope to gam ; for they will himg to this new department of their woik 
the same energy and wasdom, the same self-saciiticing impartial zeal; which have 
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already won for them the deserved esteem of the community ; but if we fail to 
work in harmony with them, their want of sympathy and interest will be simply 
fatal to our schemes. 

Next to this helplessness of head masters came the difficulty of obtaining pro- 
perly trained and certificated science-teachers With the admirable German 
system, comprising special examination of Candidates for Masterships, not only in 
knowledge, but in tc^aching power, together with a year of trial in some large 
school betbio enteiing on thou work, was compared tlio insufficient test ofteied by 
the English Umveisity Degree, a high test, no doubt, of intelligence and know- 
ledge, but not of power to coinniunicate knowledge or to infuse intelligence. 
Thud in rank amongst the obstacles to be surmounted was placed the cost of 
paying science' masteis, and the School Commissioners, now ledistiibuting the 
endoivments of tlie country, wore iiiged to set apart funds for science-teaching in 
evt'iy bilge school, and to insist on tlieir being faithfully expended for the pui’pose. 
The necessity of having good teachers vvms then dwelt on The liist condition of 
success in scieiitihc, as ot othei teachings, is obviously the teacher lie must bo a 
man thoiough in liis special knowledge, and, if his special knowledge is to be well 
balanced in it'feience to other subject^, of the widest geneial cultiiu'. lie must 
not spend all liis time m teaching, but must have leiMiie to piepare lessons and 
experiments lie must possess the delicati' ait of handling many pupils, the foico 
of mauuei which attiacts them, the enthusiasm wlin h puts and keeps them cn 
rappo) t him, the insight which reads then minds, the tait which can pie- 
soiv e discipline without checking inquiry, and, possessing all this and more, lie must 
be w'ell and highly paid 

An exact estimate was olfercd of the cost of apparatus , and tlio value of w'^oik- 
eliops, museums, and other accessories of the kind was dwelt upon 

After glancing at the action of the universities, the author touched on a grave 
item 111 the catalogue of difficulties. Granting that scientific teaching is essential 
to a perfect education, the anxious question meets us — How is it to be inseited in 
the cuiiiculum of an established scliool!^ We are told tliat, to meet the demdiids 
of Umveisity com]>etition, the liighest pressure is already put upon the time and 
brains of boys , and that if four hours a week aie to be accepted as the mimninm 
demand of science, cla'^sical work must suffer And, in order to solve tins pro- 
blem, some well-known schools have instituted a system of bifui cation, to which 
the author was opposed If linguistic training is bad without the lationalizing 
aid of scieiitihc study, no less is exchwve science bad when divorced fiom the 
refining soiiety of literatiue and philology, and an admission that certain institu- 
tions stunt paiticular faculties is oddly followed by a device whith causes eacli to 
work unch('( ked The difficulty must bo mot fairly, and on premises which 
scholars as wi'll as sarans can undeistand It must be met b^ asking whether in 
purely (la«snal schools no time is wasted, why it is that in the lower forms 
a boy takes years to master what a clever tutor teaches in a few months at homo , 
why the weapon of anahsis, winch opens every other chamber of human know- 
ledge, should be discaided m tlie case of scholaiship alone, whether unattrai tive- 
iiess IS an inheieiit vice in Greek and Latin only, oi whether, if judicious method 
wakens pleasure and keeps alive atteiifion, that of itself is not economy of time, 
whefher, lastly, the day has not aimed when Greek and Latin veise-inaking may 
not be allowed to disappear i^ter having written some thousand Gieek and 
Latin veises in his own school-da} s, the authoi pi onounced them waste of time, 
and protested against them altogether Their elimination from oui school system 
will 1)0 deal gam in itself, and will set free at once a much laiger amount of time 
than IS demanded foi the piosecution of natural science. 

After enumerating at some length the details essential to the giving a fair 
place to science in education, the paper ended as follows. — ‘^The summary of 
what I have to say is this, that our schools, in their readiness to establish science, 
must be aided fioni without All questions of funds, of apparatus, of teachers, of 
selected text-books, of coordinated subjects, of University influence, and of united 
action come to the same point at last. We must have central leadership, at once 
commanding and intelligent, if the introduction of science into our schools is to 
bo simultaneous and effective. The question has passed out of the realm of general 
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discussion ; it is ripe, if ever a question was, for detailed and practical settlement. 
There must bo within this Association, there must bo within this room, men 
qualified in all respects to appreciate the nature of our difficulties, to formulate 
rules for our guidance, to press our pecuniary needs on those who are for a time 
the bursars ot our educational {uidowments, to watch and inttuonco the action of 
the Universities, as on other points, so espc'cially lu the projected ‘ Leaviu*^ Exa- 
minations ’ To them I confidently app('al. I app(‘al on hohalt of countless schools, 
which, ready to admit r('foim, are helpless to initiate it I appeal on behalf of thoso 
few schools which have initiati'd it, and .ne endeavounn<^ couiapeously and hom'stlv, 
but with little of useful conceit, with much oi wasted lorce, to woik it out Jvct it 
once be announced to the educational community that a committee of distinguished 
men, having at heait not merely scientific mteiests, but the iriteiests of the Uni- 
versities and the Schools, has been aimi'cl by this Association to counsel and to assist, 
to lecommend and to af credit, to harmonize and to comhirn', to become, in slioit, 
the recognized representatives and controlh'rs of scientific education, and they will 
not lack grateful clients, or attain inad<‘quate lesults It science is to flemish m 
the land, preliminary knowh'dee and tiaimne:, bestowed wit li caie upon our boy- 
hood, must leave our m.inlioud fiet' foi oii^^inal leseaich It oui Euplisli educa- 
tion 13 to be abreast ot continental teacliiii'^, one half of our mental laculties 
must no longer be sufleied to lie dm maid To liavi' lemoved tins great iipioacli, 
and to have helped this gucit letouu, will he an adnevi'ment vvmithy to take high 
rank even amongst those spleiidul .s.nvices to science and to the coiuniumty which 
give lustre to the liiitish Association ’’ 


ClIEMISTKY. 

Adilrcss hy Professor Axduewh, F 11!^ L E., Prcsnlcnt of the tSettton. 

Amidst the vicissitudes to whu h .scientitn* tlnMuiij-) are liable, it was scarcely to 
be expected that tlie discarded tlieoiv ot Plilogi^ton should bo K'suscitated in our 
day and connected with one of the mo>t iinpoitant genoializations of modern 
science The phlogistic tlieotv, e]<ihOiated neaily two liuiidied years ago by 
Beecher and 8tahl, was not, it now appears, wholly founded m erioi , on the con- 
trary, it was an imperfect antieipation of the gncit principle of energy, which 
plays so important a pait in physical and chemical changi'S The disciple of 
Phlogiston, ignoiant of tho whole history of (dimiiical combination, coimcctod, it 
is true, his phlogiston with one only ot tho comhimng bodies, instead of lecog- 
nizing that it is eliminated by the minoi ol all. “ Theie can be no doubt,” says 
Dr. Crum Biown, who liist suggested this view, that potential energy is what 
tho chemists of tho 17th cental v nieaut vvlum tlu'y spoke of phlogiston ” ‘‘ Phlo- 

giston and latent heat,” playfully ii'inailvs Volliaid, “ which foinuuly opposed each 
other m so hot a combat, have entered into a peaceful compact^ and, to banish all 
lecollection of their foimei stiitc, have assunu'd in common the new name of 
energy ” But. as I)i Odling well icmaiks, ‘Uii iiiterpri'tiiig the phlogistic wiitings 
by the light oi modem doctiiiic, we are not to attribute to then authors tho pre- 
cise notion of energy which now pievails It is only contended that the phlogis- 
tians had in their time possession of a loal tiuth in natuie, which, altogcthci lost 
sight of in tho intermediate period, has since erystalli/ed out in a definite form ” 

But whatever may be the tiuo v.iluo of the Stahlian vuews, there can bo no 
doubt that the disco venes which have shed so hiiglit a lustie round the name of 
Black mark an epoch in tho histoi y ol science, and gave a mighty impulse to 
human progress. A recent attempt to ignore the labouis of Black and his great 
contemporaries, and to attiihuto the loundation of modmii cliomistry to liavoisicr 
alone, has already been amply refuted in an able inaugural address delivered a 
short time ago from the Cliair foriiieily occupied by Black Tho btatemeiits of 
Dr Cl urn Brown may, indeed, ho conhrnied on the authority of Lavoisier himself. 
Through the kindness of Di, Black’s representatives I have been permitted to 
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examine liis correspondence, whicli has been carefully preserved, and I have been 
so foituiiate as to lind in it three oiiginal letters from Lavoisier to Dr. Black 
They were written in 1789 and 1700, and they appear to comprise the whole of 
the correspondence on the part of Lavoisier which passed between those distin- 
guished nieii Some extracts fiom these letters were published soon after Dr. 
Black’s death b^ his friends Dr Adam Ferguson and Dr. Bobisoii ; but the letters 
themselves, as lar as I know, have nevci appeared in an entiie form. I will crave 
permission to have them punted as an appendix to this address *. Lavoisier, it 
will be seen, addi esses Black as one whom he was accustomed to regard as his 
master, and whose discoveries had produced important revolutions in science. It 
may, indeed, be said with truth that Lavoisier completed the foundation on which 
the grand structuio of modem chemistry has since aiiscii ; but Black, Priestley, 
Scheele, and Cavendidi were before Lavoisier, and their claims to a share in the 
great work are not infeiior to those of the illustrious Fiench chemist 

Among the questions of geneial cheniistiy, few are more interesting, or have of 
late attracted iiioie attention, than the relations which subsist between the che- 
mical composition and refi active power of bodies for light. Newton, it will be 
remembered, pointed out the distinction between the lefractive power of a medium 


and its refractive index, and gave for the former the expression 


M2-I 


where g is 


the refractive index, and d the density of the refracting medium. Sir J Ilerschel, 
anticipating later observations, remarked, in 1830, that Newton’s function only ex- 
presses the intrinsic lefiactive power on the supposition of matter being infinitely 
divisible ; but that if material bodies consist of a finite number of atoms, differing 
m weight for different substances, the iiitiiiisic refractive power of the atoms of 
any given medium will be the product of th(‘ above fundion by the atomic 
weight The same leniuik has siiue been made hv Beilhelot Latei observations 
have led to an impoitant modihcatioii m the form of Newton’s function. Beer 
showed that the expeimiciits of Biot and Arago, as well as those of Dulong, on 
the lefiactive povvei of gases, agieo quite as well with a siinplei expression as with 
that given by Newton, and Gladstone and Dale proposed 111 18(53 the formula 
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more accurately than any other the results of their exponments 


on the lefractiv'e power of liquids. The ie'=earches of liandolt and Wullner have 
fully confirmed the genoial ac curacy of the new foiniuhi An important observa- 
tion made, about twenty }eais ago, by Delffs has been the staiting-point for all 
subsequent investigations on this subject Delfls remarked tliat the lefiactive 
indices of the compound etheis increase With the atomic weight, and that isomeiic 
ethers have tlie same refractive indices. The later lesearches of Gladstone and of 


Jvandolt have, on the whole, con finned the.se observations, and have shown that 
the specific refractive power depends chiefly on the atomic composition of the 
body, and is little influenced by the mode of giouping of the atoms. These inquiries 
have gone further, and havn led to the discoveiy of the lefi action-equivalents of 
the elements Bv comparing the refractive power of compound bodies differing 
from one another )iy one or more atoms of the same element, Landolt succeeded m 
obtaining numbers which express the refraction-equivalents of carbon, hydrogen, 
and oxygen, and coriesponding iiumbois have been obtained for other elements 
by Gladstone and Ilaagen The yyhole subject has been lecently discussed and 
enriched with many new observations m an able memoir by (Gladstone As might 
be expected in so novel and recondite a .subject, some anomalies occur which aio 
difficult to explain Thus hydrogen appears in different classes of compounds with 
at least two lefi action-equivalents, one tliico times as gi’eat as the other ; and the 
refraction-equivalents of the aromatic compounds and their derivatives, as given by 
observation, aie in general higher tlian the calculated numbers. 

A happy modification of the ice-calorimeter has been made by Bunsen. The 
principle of the method (to use as a measure of heat the change of volume which 
ice undergoes 111 melting) liad already occurred to Herschcl, and, as it now appear.^, 
still earlier to Hermann ; but their ob.servatioiis had been entirely overlooked by 
physicists, and had led to no practical result. Bunsen has, indeed, clearly pointed 


* Ordered by the General Committee to be printed among the Reports. 
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out that the success of the method depends upon an important condition, winch is 
entirely his own. The ice to be melted must be prepared with water free from 
air, and must surround the source of heat in the form of a solid cylinder fiozeu 
artificially in situ. Those who have worked on the subject of heat know how dif- 
ficult it is to measure absolute quantities with certainty, even where relative 
results of great accuracy may be attained. The ice-calorimeter of Bunsen wiU 
therefore be welcomed as an important addition to our means of research Bunsen 
has applied his method to deteiinine the specific heats of ruthenium, cahium, and 
indium, and finds that the atomic weight of indium must be meieased by one half 
in order to bung it into conformity with the law of Dulong and Petit. He Inis 
also made a new determination of the density of ice, which he finds to be 0 9107. 

In a repoit on the Heat of Combination, which was made to this Association m 
1849, the existence of a group of isothermal bases was pointed out, As some of 
th(‘ bases” (potash, soda, baryta, strontia), it was remaiked, ‘^form what we may 
perhaps designate an isotheimal group, such bases will develope the same or neaily 
the same heat in combining with an acid, and no heat will be di-tengagcd during 
their mutual displacements.’’ The latest experiments of Thomsen have given a 
remarkable extension to this group of isothermal bases. He finds that the hydrates 
of lithium, tliallmm, calcium, and magnesium produce, when all conections are 
made, the same amount of heat, on being neutralized bv sulphuiic acid, as the four 
bases before mentioned The hydrate of tetramethylammoumm belongs to the 
same class of bases Ethylamin, on tlic other hand, agrees with ammonia, whicli, 
as has been long known, gives out less lieat in combining with the acids than 
potash or soda. An elaborate investigation of the amount of heat evolved in the 
combustion of coal of different kiiicls lias been made by Scheuier-Ke'^tner and 
Meusuier, accompanied by analyses of the coal. Coal iich in caibon and liydrogi'ii 
disengages more heat m burning than coal m which those elements are partially 
replaced by oxygen After deducting the cmdeis, the heat produced by the com- 
bustion of 1 gramme of coal \ariecbfiom 8215 to 9(522 units 

Tyndall has given an extended account of his experiments on the action of a 
beam of stiong light on ceitam vapouis He finds that there is a maiked dif- 
ference 111 the absorbing-power of different vapouis for the actinic rays Thus 
nitrite of amyl in the state of .vapour absorbs rapidly the rays of light competent 
to decompose it, while iodide of allyl in the same state allows them freely to pass. 
Moiicn has continued tliese expenments in the south of Franco, and among other 
results he finds that sulphurous acid is decomposed by the solar beam. 

Boscoe has prosecuted the photo-chemical investigations which Bunsen and he 
began some yeais ago Foi altitudes aboie 10 degrees, the relation between the 
sun’s altitude and the chemical intensity of light is represented by a stiaight line. 
Till the sun has reached an altitude of about 20 degiees, the chemical action pro- 
duced by diffused daylight exceeds that of the direct sunlight , the two actions 
are then balanced , and at higher elevations the diiect sunlight is superior to the 
dill used light. The supposed mferioiity of the chemical action of light under a 
tropical sun to its action in higher latitudes proves to bo a mistake. Accoiding to 
Boscoe and Tlioipe, the chemical intensity of light at Paia under the equator in 
the month of Apiil is moie than thiee times greater than at Kew in the month of 
August. 

Hunter has given a great extension to the earlier oxpeiiments of Saussiire on the 
absorptive power of charcoal for gases Cocoanut-charcoal, according to Iluntei’s 
experiments, exceeds all other varieties of wood-charcoal in absoiptivo powei, 
taking up at ordinary pleasures 170 volumes of ammonia and (59 of cai borne acid. 
Methylic alcohol is more largely ah^oibed than any other vapour at temperatures 
from 90° to 127° , but at 159° the absorption of ordinal v alcohol exceeds it. 
Cocoanut-charcoal absoibs foitj^-four times its volume of tlie vapour of watei at 
127°. The absoiptivo power is increased by pressure. 

Last yeai two newpiocesses for improving the manufacture of cliloiino attracted 
the attention of the Section one of these has already prov ed to be a success , and 
I am glad to be able to state that Mr Deacon has recently oveicome certain difti- 
ciilties in his method, and has obtained a complete absorption of the chlorine. 
May we hope to see oxygen prepared by a cheap and continuous process from 
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atmospheric air ? With baryta the problem can be solved very perfectly, if not 
economically. Another process is that of Tessier de Mothay, in which the man- 
ganate of potassium is decomposed by a current of superheated steam, and after- 
wards revived by being heated in a current of air. A company has lately been 
formed in New York to apply this piocess to the pioduction of a brilliant house- 
light. A compound Argand Dinner is used, having a double row of apertures; the 
inner row is supplied with oxygen, the outer with coal-gas or other combustible. 
The applications of puio oxygen, if it could bo prepared cheaply, would be very 
numerous , and few discoieiies would iiioie amply lewaid the inventor. Among 
other uses it might be applied to the pioduction of ozone free from nitric acid by 
the action of the electrical dit'Chargo, and to llie introduction of that singular body, 
in an efficient form, into the aits as a bleaching and oxidizing agent. Tessier de 
Mothay has also proposed to pieparo liydiogen gas on the large scale by heating 
hydrate of lime with anthracite 

We leain from the histoiy of metallnigy that the vnluahlo alloy which copper 
forms with zinc was known and applied long heforo zinc itself was discovered. 
Nearly the same remar li may he ]nad(' at pichont witli logaid to manganese and its 
alloys The metal is difficult to obtain, and has not m the pure state been applied 
to any useful purpose , hut its alloys with coppt'r .and othei metals have been pre- 
pared, and some of them aie likely to ho of gieat value The alloy with zinc and 
copper IS used as a substitute for geiman sihei, and possesses some advantages 
over it. Not less impoitant is tlie alloy of iron and manganese prepared according 
to the process of Ilender.son, h\ reducing in a Siemens’s lurnaoo a mixture of car- 
bonate of manganese and oxide ot non Jt contains fioiii 20 to 80 per cent of 
manganese, and will doubtless K'placc* to a laige extent the spicgeleisen now used 
in the maniifaetine of Bessemer sli'cl 

The classical le'caiches of lloscoe ha\e made us acquainted for the first time 
with metallic aanadium Bc'rzelius obtained biilliant scab's, which he supposed to 
be the metal, by heating an oxychloride m aiinnoma, hut they have pioved to be 
a nitride Koscoe prepaied the metal, by leducing its chloride in a current of 
hydrogen, as a light grey powdei, with a metallic liistie under the microscope. It 
has a remarkable aflinity both for nitrogi'ii and silicon. Tuke phosphorus, it is a 
pentad, and the vanadates correspond in composition to the phosphates, but differ 
in the order of stability at oidiiiaiy tempeidtuies, the soluble tribasic salts being 
less stable than the tetiabasic coinpounds 

Saiuto-Claire Deville, in continuation of his researches on dissociation, has ex- 
amined the conditions under which the vapoui of water is decomposed by metallic 
iron. The iron, maintained at a constant tcinpeiature, hut varying m different 
experiments from 150° 0. to 1()00° (1 , was exposed to the action of vapour of 
water of kuown tension It was found that for a gi\en temperature the iron con- 
tinued to oxidize, till the tension ot tlio hydiogc'ii formed reached an invariable 
value In these experiments, as DcmIIc lemaiks, iron behaves as if it emitted a 
vapour (hydrogen), obeying the laws of h>piomelry. An interesting set of expe- 
riments has been made by Lothian Bell on tlie power possessed by spongy metallic 
iron of splitting up carbonic oxide into caihon and carbonic acid, the former being 
deposited in the iron. A minute quantity of oxide of iron is always formed in this 
reaction. 

The hue researches of Graham on the colloidal state have recel\Gd an interesting 
extension by Kejnolds’s disco\or3r of a new group of colloid bodies. A solution 
of mercuric cbloride is added to a mixture of acetone and a dilute solution of 
potassium hydrate till the pri'cipitate wlncli at first appears is icdissolved, and the 
clear liquid poured upon a dlaiv/cr whicli floated upon water. The composition 
of the colloid body thus obtained in tlio anliydrous state was found to be 
^(Cllg)^ COji Ilg, O,. The hydrate is legaided by Ueynolds as a feeble acid, even 
more readily di'coniposed than alkaline silicates A solution containing only five 
per cent, forms a firm jelly when lieatcd to 50" G. Analogous compounds were 
formed with the higher members of the fatty ketone sinnes. In the same direc- 
tion are the researches of Maicet on blood, whicli he finds to be a strictly colloid 
fluid containing a small proportion of diflusiblo salts. 

In organic chemistry the labours of chemists have been of late largely directed 
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to a group of hydrocarbons which were first discovered among the products of the 
destructne distillation of coal or oil. The central body round which these 
researches have chiefly turned is benzol, whose discovery will always be asso- 
ciated with the name of Faraday, With this body naphthalin and anthracene form 
a series, whose membeis diller by 0^ ir_j, and their boiliug-poiuts by about 140®. 
The recent researches of Lieberniann have pio\ed, as was before suspected, that 
chrysene is a fourth member of the same senes, I may add that ethylene, which 
boils at about —70°, corresponds in composition and boiling-point to a lower 
member ot the same series, Kekule propounded some time ago with gieat 
clearness the question as to whether the six atoms of hydrogen in benzol are 
equivalent, or, on the contiaiy, play dissimilar parts Accoiding to the first 
hypothesis, there can bo only one moditication of the mono- and penta-dei n ativ es 
of benzol, while three modilieations of the bi-, tii-, and t(‘tra-dei iv atives are 
possible On the second hypothesis, two modiluations of the luono-deiivatives 
are possible, and in general a much larger number of isomeric compounds than on 
the first hypothesis. Such is the pioblein which has of late occupied the attention 
of some or the ablest chemists of Geiniany, and has led to a large number of new 
and important investigations. The aromatic hydiocaibons, toluol, xylol, &c , 
which difter fiom one another by CH,, have been shown by Fittig to be methyl 
deiiv atives of benzol. According to the first of the two hypotheses to which I 
have leforred, only one benzol and one methyl benzol (toluol) are possible, and 
accoidingl^ no isomenc modifications of these bodies have been discovered, Hut 
the three following members of the senes ought each to be capabh' of existiim in 
tliiee distinct isomeric forms The researches of Fittig had alieady established 
the existence of two isomciic compounds having the foimula C, — methyl- 
toluol (obtained synthetically fiom toluol) and isoxylol (piepaic d by the removal 
of an atom of methyl from the mesytelene of Kane). The same chemist has since 
obtained the third modification, orthoxylol, by the decomposition of the paraxy- 
lylic acid. These three isomeric hydrocaibons mav be readily distinguished fiom 
one another by the marked diflerenco in the propeities of their trinitro-compounds, 
and also by their dilleient behaviour with oxidizing agents. Other facts have been 
adduced m suppoit of tlu' equality oi homogeneity of position of the hydiogen 
atoms m benzol Thus IIuDiier and Alsbeig have piepaied aniline, a niono- 
denvative, fiom difterent bideiiv atives, and have always obtained the same body. 
The latest reseaiches on this subject are those of liichtei 

Baeyer has piepared artificially picoline, abase isomenc with aniline, and dis- 
covered by Anderson in his very able researches on the pyiidmc senes. Of the 
two methods described by Baeyer, one is founded on an experiment of Simpson, in 
which a new base vvxas obtained by heating tnbiomallyl with an alcoholic solution 
of ammonia By pushing further the action of the heat, iJaeyer succeeded in 
expelling the whole of tho bromine from {Simpson’s base in the foim of hydro- 
bromic acid, and in obtaining picolme. Tho same chemist has also piepared 
artificially collidine, another base of the pyridine senes. To this list of remark- 
able syntlietical discoveries, another of the highest interest has lately been added 
by Schifl’ — the preparatien of artificial coniine Ho obtained it by the action of 
ammonia on butyric aldehyde (C 4 n,, O) The aitificial base has tho same com- 
position as comino prepared from hemlock. It is a liquid of an amber-yellow 
colour, having tho cnaracteiistic odour and neaily all the usual leactions 01 oidi- 
nary coniiiio. Its physiological properties, so far as they have been examined, 
agree with those of comino from hemlock , but the artificial base has not yet been 
obtained m laige quantity, nor perfectly pure. 

Valuable papeis on alizarine nave been published by Perkin and Schunck. The 
latter has desciibed a new acid, the anthraflavic, which is formed in tho artificial 
preparation of alizarine. Madder contains another colouring principle, purpurme, 
which, like alizarine, yields anthracene when acted on by reducing agents, and has 
also been prepared artificially. These colouring principles mav be distinguished 
from one another, as Stokes has shown, by then absoiption bands ; and Perkin ban 
lately confirmed by this optical test the inteiestmg ooservation of Schunck, that 
finished madder prints contain nothing but pure alizarine in combination with 
the mordant employed. 



64 


REPORT — 1871. 


Hofmann lias achieved another triumph in a department of chemistry which he 
has made peculiarly hia own. In 1857 he showed that alcohol bases, analogous 
to those derived from ammonia, could bo obtained by replacement from phosphu- 
retted hydrogen , but he failed in his attempts to prepare the two lower derivatives. 
These missing links he has now supplied, and has thus established a complete 

? arallelism between the deiivatives of ammonia and of phosphuretted hydrogen. 

'he same able chemist has lately descnbed the aromatic cyanates, of which one 
only, the phenylic cyanate (CO, Hj, N), was previously known, having been 
discovered about twenty years ago by Hofmann himself. He now prepares this 
compound by the action of phosphoric anhydride on phenylurethane, and by a 
similar method he has obtained the tolylic, xylylic, and naphthylic cvanates. 

Stenhouse had observed many yeais ago that when aniline is added to furfurol 
the mixture becomes rose-red, and communicates a fugitive red stain to the skin, 
and also to linen and silk. He has lately resumed the investigation of this subject, 
and has obtained two new bases, furmranilino and fiirfuitoluidine, which, like 
rosamline, foim beautifully coloured salts, although the bases themselves are 
nearly colourless, or of a pale brown coloui. The furfuraniline hydrochlorate 
(0,7 11,9 01) 13 prepaied by adding furfiuol to an alcoholic solution of aniline 

hydrochlorate containing an excess oi aniline. We have also from Stenhouse 
a new contribution to the histoiy of oicm, in continuation of his former masterly 
researches on that body. He has prepared the trinitroorcin (O^H, (NO2), 0^), a 
powerful acid, having many points of resemblance to picric acid. In connexion 
with another research of Stenhouse made many years ago, it is interesting to find 
his formula for euxauthon, which was also that of Eidmann, confirmed by the 
recent experiments of Jlaejer. 

The interesting work of Dewar on the oxidation of picolme must not be passed 
over without notice. By the action of the permanganate of potassium on that 
body, he has obtained a now acid wine h bears the same 1 elation to pyridine that 
phtlialic acid does to benzol Thorpe and Young have published a pieliminary 
notice of some results of great promise which they have obtained by exposing 
paraffin to a high temperature in closed vessels By this treatment it is almost 
completely resohed into liquid hydiocarbons, whoso boiling-points lange from 
18^ 0. to 300° C Those boiling under 100^ have been examined, and consist 
chiefly of olefines In connexion with this subject, it may be interesting to recall 
the experiments of Pelou/e and Cahouis on the Bennsylv aniau oils, which proved 
to bo a mixture of carbolivdiogcms belonging to the maish-gas senes. 

An elaborate exposition of Berthelot’s method of transforming an organic 
compound into a hydrocarbon containing a maximum of hydiogen has appealed m 
a connected form. The organic body is heated 111 a scaled tube, with a large excess 
of a strong solution of hydriodic acid, to the temperatuie of 275'’ The pressure in 
these expenments Berthelot estimates at 100 atmospheies, but apparently without 
haling made any direct measuiements He has thus prepaied ethyl hydride 
(OjH;,) from alcohol, aldehyde, &c , hexyl hvdride (C,, 11,4) from benzol Berthelot 
has submitted both wood-charcoal and coat to the reducing action of hydriodic 
acid, and among other interesting icsults he claims to have obtained m this way 
oil of petroleum. 

By the action of chloride of zinc upon codeia, Matthiessen and Burnside have 
obtained apocodoia, which stancD to codeia m the same relation as apomorplna to 
morphia, an atom of water being abstracted in its formation. Apocodeia is more 
stable than apomorplna, but the action of reagents upon the two bases is \ery 
similar. As regaids their physiological action, the hydrochlorato of apocodeia is a 
mild emetic, while that of apomorplna is an emetic of great activity. Other bases 
have been obtained by Whight by the action of hydrobromic acid on codeia. In 
two of these bases, broniotetracodeia and chlorotetracodeia, four molecules of the 
codeia are welded together, so that they contain no less than seventy-two atoms cf 
carbon. They have a bitter taste, but little physiological action. The authors of 
these valuable researches were indebted to Messis. Macfarlane for the precious 
matenal upon which they operated. 

We are indebted to Crum Brown and Fraser for an important woik on a subject 
of great practical as well as theoretical interest, — the relation between chemical 
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constitution and physiological action. It has long heen known that the ferro- 
cyanido of potassium does not act as a poison on the animal system, and Bunsen 
has shown that the kakodylic acid, an arsenical compound, is also inert. Orum 
Brown and Fraser find that the methyl compounds of strychnia, brucia, and thebaia 
are much less active poisons than the alkmoids themselves, and the character of 
their physiological action is also different. The hypnotic action of the sulphate 
of metliyl-morphium is le'^s than that of moiphia ; but a reverse result occurs in the 
case of atropia, whose methyl and ethjl deiivaiivcs are much more poisonous than 
the salts of atropia itself. 

Before proceeding to the subject of fermentation, I may refer to Apjohn’s 
chemico-optical method of sopaiating cane-sugar, mvoited sugar, and grape-sugar 
from one another when present in the same solution, by observing the rotative 
power of the syiup befoie and after inveision, and combining the indications of 
the saccharometer with the results of an analy-sis of the same syrup after inversion. 
Heisch’s test for sewage in oidiiiaiy water is also deseii ing of notice. It consists 
in adding a few grains of pure sugar to the water, and exposing it fieely to light 
for some hours, when the ligiud will become turbid fiom the formation of a well- 
marked fungus if sewage to the smallest amount be present hraukland has made 
the important observation that the development of this fungus depends upon the 
presence of the phosphate, and that if this condition be secured, the fungus will 
appear even m the purest w^ater 

The nature of fei mentation, and in paiticular of the alcoholic fermentation, has 
been lately discussed by Tiebigwith consummate ability, and his elaborate memoir 
Will well repay a careful peiusal l)i Williamson has also given a most instructive 
account of the subject, particulaily with leferouce to the leseaiches ot Pasteur, in 
his recent Cantor lectures A brief statement of the present position of the 
question will therefoio not be out of place here. It is now thiity-tour years since 
Cagniard de La Tour and Schwann proved by indepeii<lent observations that yeast- 
glooulos are organized bodies capanle of leproductioii by gemmation , and also 
inferred as liigluy probable that the phenomena of fei mentation ate induced by the 
development 01 living action of these globules. These views, after having fallen 
into abeyance, vveie levived and extended a few yeais ago by Pasteur, whoso able 
researches are familiar to eveiy chemist Pasteur, while acknowledging that he 
was ignoraut of the natuie of the chemical act, or of the intimate cause of the 
splitting up of sugar in the alcoholic fei mentation, maintained that all feimenta- 
tions propeily so called are coiielativo with physiological phenomena. According 
to Liebig, the development and multiplication of the yeast-plant or fungus is 
dependent upon the piesenco and absoiptiou ot nutiinient, which becomes part of 
the living oiganisni, while in the process ot fei mentation an external action takes 
place upon tlie substance, and causes it to split up into pioducts which cannot be 
made use of by the plant The vital process and the chemical action, he asserts, 
are two phenomena which in the explanation must bo kept sepaiato from one 
another The action of a feiment upon a feimentable body he compares to the 
action of heat upon organic molecules, both of which cause a movement in the 
internal arrangement ot the atoms Tlie phenomena of teruieii ration Ijiebig refers 
now, as foirneily, to a cheinico-ph^^.^ical cause, — the action, namely', vvdiioh a sub- 
stance in a state of moloculai movement exercises upon another ot highly complex 
constitution, whoso elements are held togothei by a tceble allinity, and aio to some 
extent in a state of tension or stiain Baoyer, who considers that in the alcoliolic 
and lactic fermentations one pait ot the compound is leducod and another oxidized, 
adopts the view of Liehig, that tlie molecules ot sugar which undeigo fei mentation 
do not seive for the iiouimliment of the 3mast-plant, hut receive an impulse from it. 
All are, however, ngieed that fermentation is arrested by the death of the plant; 
and even a tendency to the acetous teriuentation in wane may ho checked, as 
Pasteur has showai, by lieating the wine to a temperature a little below the boiling- 
point in the vessel in which it is afterwards to-be hept 

I reo'ret that the limits of an addiess like the piosent forbid mo to pursue 
further'^ this analysis of chemical work. Had they admitted of abndgment, 
[ should gladly have described the elaborate experimeuts of Goie on hydiotluoric 
acid and the tiuonde of silver, The important researches of Abel on explosive 
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compounds will bo explained by bimsolf in a lecture with which he has Idndly 
undertaken to favour the Association. Mr Tomlinson will also communicate to the 
Section some observations on cathansm and nuclei, a difficult subject, to which he 
has of late devoted much attention ; and I am also informed that we shall have 
important papers on recent improvements in chemical manufacture. 

No one can be more painfully ahve than myself to the serious omissions in the 
historical review I have now read, more particularly in organic chemistrv, where 
it was wholly impossible to grapple with the large number of valuable works 
which even a few months produce I cannot, however, refiain from bearing an 
humble tribute to the great ability and indomitable perseverance which characterize 
the labourers m the great field of organic chemistry. It would scarcely be pos- 
sible to conceive any work more intelligently undertaken or more conscientiously 
performed than theirs, yet much of it, from its abstruse character, receiving little 
sympathy or encouragement except from the band of devoted men who have made 
this subject the chief pursuit of their lives. They will, however, find their reward 
in the consciousness that they have not lived in \ am, but ha^ e been engaged, and 
successfully engaged, in the noblo enterprise of extending for the benefit of the 
human family the boundaries of scientific knowledge Nor is there any real 
ground for discouragement Faraday, Graham, IMagnus, and Heischel, who have 
left their impress on this age, were all distinguished chemical as well as physical 
discoverers , and the relations of the sciences aie becoming every day so intimate 
that the most special research leads often to results of wide and general interest. 
No one felt this truth more clearly or illustrated it better in his wntings than our 
lamented and distinguished friend Dr. Miller, whoso presence used to cheer our 
meetings, and whose loss we all most sincerely deplore. 


Mtcts developed hp the HVorTclng of Hceniatlte Ores in the Vherstone and White-^ 
haven Districts from 1844-71. By Thomas Ainsworth, 


On the Dichroism of the Vapour of Iodine. By Dr. Andrews, F.B.S. 

The fine purple colour of the vapour of iodine arises from its transmitting freely 
the red and blue rays of the spectrum, while it absorbs nearly the whole of the 
green rays. The transmitted light passes freely through a red copper or a blue 
cobalt gloss. But if the iodine vapour bo sufficiently dense, the whole of the red rays 
are absorbed, and the transmitted rays are of a pure blue colour , they are now 
freely transmitted, as before, by the cobalt glass, but will not pass through the red 
glass. A solution of iodine in sulphide of carbon exhibits a similar dichioism, and 
according to its density appears either purple or blue when white light is trans- 
mitted through it. The alcoholic solution, on the contrary, is of a rod colour, and 
does not exhibit any dichroism. 


On the Action of Heat on Bromine. By Dr. Andrews, F.R.S. 

If a fine tube is filled one haft with liquid bromine and one half with the vapour 
of bromine, and after being hermetically sealed is gradually heated tiU the tempe- 
raturo is above the critical point, the whole of the bromine becomes quite opaque, 
and the tube has the aspect of being filled with a dark red and opaque resin A 
measure of the change of power of transmitting light in this case may be obtained 
by varying the proportion of liquid and vapour in the tube Even liquid bromine 
transmits much less light when heated strongly in an hermetically sealed tube than 
in its ordinary state. _____ 


Some Memarhs upon the Froccimate Analysis of Saccharine Matters, 

By Frofcssor Atjohn, F,R,S, 
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On the Examination of Water for Sanitary purposes. By Gustav Bischof. 

The principle of the method consists in evaporating 1 cub. centim. of the water 
to be examined in a cell foimcd by cementing a glass ring on a slip of plate glass, 
such as used for mounting microscopic objects. By means of certain appliances 
dust is effectually excluded during the e\ aporation. The temperature at which 
the samples are cvapoiated (40° to 45° C ) is regulated by a Kemp-Bunsen gas- 
re^lator improved mr the purpose by the .author 

If pure water, such as we lind naturally, be evaporated, one observes under the 
microscope in the residue essentially colomless, or nearly colourless, dendritic, 
branching, tree-lilce, and well-delined hexagonal and rhonibohedial crystals of 
calcium carbonate. In the case of natuial impnie water, oi if pure water be 
contaminated by adding minute quantities of cither sewage or urine, the above 
crystals are no longer peiceptible, and, according to the degree of impurity, their 
place IS taken by moio oi lees impel feet ly defined jellowisli-biown or red hexagonal 
or rhombohedial cijstals of calcium caibonate, oi by hexagonal twin-crystals, or 
triangles with rounded angles, or, tinally, diops of fat and the so-called dumb-bells 
(which latter aie either fatty matter oi genus of fungi) nialce their appearance. 

If the presence of gmins of fungi lie doubtful, they are determined by cultiva- 
ting the lesidue in a damp chamber for some forty-eight hours before it is quite 
evaporated to diyne'^s. tSeveial well-definable species of fungi have thus oeen 
produced. 

The results of the examination of a number of samples, illustrated by several 
lithographed platen, pioied that one-thousandth pait of sewage or urine added to 
pure water so completely altcued the appearance of the lesidue as to lead to the 
conclusion that still moie imniito quantities of the above impurities can also be 
detected m water by this method 

On the other hand, the reMdue of sewage which had been filtered through 
spongy iron (the piocess to which the author called attention at the last Meeting 
of the Association) exhibited thioughout the characteiistics of the puiest water. 
Professor Voelcker arrued also, by chemical anal} si'', at the lesult that tho 
sewage filtered through spongy non was ^^romaikably free from organic matter, 
containing less oiganic matter than many excellent diinkmg-wateis,” thus proving 
that analysis and the micioscopic examination come to the same conclusion. 

In concluding, some residues of natural waters exhibited in the plates referred 
to above were explained as to tlicir chaiactcnstics. 


On the Crystalli^tation of Metals hy Electricity, By PiilLlF Brasam. 

The author of tliis papm’ gave an account of experiments with electricity under 
the microscope Solutions of neatial metallic salts vere placed between terminals 
of the base, and erystals of se\eial metals weic foimed. The author hopes by the 
same means to obtain ciystals of all. 

Tho apparatus for legulating the quantity and intensity of tlie electricity was 
exhibited and explained 

The author then diew attention to the shape of the crystals, and suggested that, 
being built up of molecules, they might bo typical of their olenientary forms. 


On the Bate of Action of Caustic Soda on a watery Solution of Chloracetie 
Acid at 100*° C. By J. Y. Buchanan. 

Two sets ef experiments wore made. In the one, tho composition of the solu- 
tion was expressed liy the formula Cb 11, ClO^-fNallO-f 159112 O, m the other by 
CglljClOj -f2NaJlO-f-159IJ ,() , 10 cub. centims. of the difteront solutions were 
used for every experiment. The results are given in the following Tables : — 

6 "^ 
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The Estimation of Sulphur in Coal and Cole, 

By F. CrwiCK-(*ALVEKT, F.ll.S. 

The sulphur found iu coal or coke often exist'=i in two states, partly as sulphuric 
acid combined with lime, and paitly as sulphur combined with iron, Tlio part 
combined with lime, however, does not injuio the quality of the iron produced 
when used in the manufacture of that aiticle, as it remains in combination with 
the calcium, whilst the portion existinj^ as sulphuiet of iron greatly deteiio- 
rates its commercial \alue. To determine the quantity of sulphur m the former 
state, the author proposes to boil the pulverized coal or coke with a solution of 
carbonate of soda, which decomposes the sulphate of lime or sulphuret of calcium, 
and the sulphur is estimated in the solution To show the importance of this fact 
in estimating the suitability of coal oi coke for use m the manufacture of non, the 
author gave the following percentage of sulphur as the mean of the deteimination 
in six samples of coal : — 


Estimated 

togoUior 


lol 


Piosont ill 
waslniigs 
1)2 


Present in 
lesidae 

04 


Difference. 

•87 


These coals by the old process would be condemned as unsuitable for use in the 
blast-furnace, while they aie really good coals for the piiimose. 

In the residue fioin the abo^e operation is found the sulphur combined with the 
iron. After attacking with oxidizing aqua regia, the author treats with carbonate of 
soda and heats tohiear the fusing-pomt. By this means there can be no formation 
of an insoluble siibsulphate of iron, and the prevention of precipitation by a salt of 
baryta, which occuis in a liquor containing free nitiic acid, is a^olded, 


On the Existence of Sidphur Bichloride. By John Dalzell and T. E. Thorpe, 
The authors have confirmed the expeiiments of Ilubner and Gueront, who con- 
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elu(l6 that, contrary to the opinion of Caiius, the compound, of sulphur and chlo- 
rine analof^ous to water does actually exist as an extiemely unstable body, readily 
parting with a portion of its chlonno on being gently heated. 


Deacon^ s Chlorine P> cress as apiilled to the Manufacture of Bleachhiij-powdcr 

on the lanjer Beale. Bp Heney Deacon. 


On Borhit Bp Professor Delpes, of lie id elherg. 

Twenty years ago ]M Pclouzc (Ann. de Chun et de Pli} s 3 sor xxxv. p 222 ) 
discovered a crystallized substance m the fiiiits of Bat bus aucupana which he 
called So/ bin Since that time veiy few chemists liave paid attention to this 
substance, and, as far as 1 know, nobody in my country has succeeded in preparing 
it again. The principal of one of our gieatest manufactoiies of chemical prepara- 
tions, to whom I addressed 1113 self, told me that ho never found the least tiace of 
tlie said substance, although he liad Avoiked up largo quantities of the above- 
mentioned fruits for piepaiing malic acid, and to the same result came M Byschl 
(J 3 uchner’s N Repeit der Pliarm 111. p 4 ), A\ho asseits that there is no ready 
foimed soibiii in the iipe beiries of Soibus aucupana In my two first attempts 
to piocuio soibin I also failed , but dining last year I succeeded, and at the same 
lime I became awai e of the leason of rav prei ions failures When I first tiied to get 
soibin, I thought it advisable to combine the prcpaiation of malic acid with the 
process given by M Pelou/o tor getting sorbin, and theicforo T separated the 
former by means of acetate of haid This is the leason, I think, which has 
prevented the success of myself as well as of other chemists in the preparation 
of soibin. 

1 will not repeat the method of foiming sorbin given 111 all manuals of chemistry ; 
it IS sutfinent to sav'’ that, wlien I kept stiictly to the prescnption of M. Pelouze, 
I got a laige quantity of beautiful crystals, a specimen of which was contained 
in the tube exhibited After I had got these, I tiied to obtain the malic acid 
fiom the residue, but I found that the malic ac id had quite disappeared To tins 
I must add that the alcoholic fei mentation which takes place after the juice of 
the berries of Bot aucupai la has been left a few daj^s 111 a tepid place is more easily 
perceived by the formation of caibonic acid than by tlie smell of spirit of wine I 
think it, theK'foie, not impiobable that tlieie is a connexion between the disap- 
peaiance of the malic acid and the small pioduco of spirit of wine on the one 
side, and tlie formation of soibin on the other Suppose the malic acid, com- 
monly called bibasic, and therefore apt to form a bimalate of ethyl ( = (J’‘H’04- 
2C‘ ll"^ ()‘-f-IID), assimilates two equivalents of water to this compound, you will 
have then the equation 

C‘ IB 04 - 2 C‘ IP 0‘+3n0=C^2 jju Q,2^ 

the right-hand side of which gives the composition of soibm 

As pel taming to the pieparation of soibin, I have only to add that the dark 
stick3"Iey in which tin' crystals aie formed can very easily be separated by putting 
both on a biiclc After a few dajs’ repose the buck has absoibed nearly all the 
Ic}', and the pale yellow-coloured civstals of sorbin, if dissolved 111 water and left 
to spontaneous cv aporation, become v eiy soon colourless 

Tire sorbin belongs to the same group as the niannit, quercit, iiiosit, dulcit, pi- 
ciit, Am , and as the last syllable is always cliaiacteiistic in chemistry, its name, I 
think, should bo changed into soibit 

Purther expenments are requiied to prove if the supposed genesis of sorbit is 
true or not , but, in any case, 1 am convinced that there is no sorbin 7 eadp foi med 
in the fruits of Borbus aucupana. 

On the Betrdion of Morphine hp Iodic Acid. Bp Prof. Delffs, 

Among the poisonous alkaloids which in forensic cases most frequently give 
occasion for chemical investigations morphine occupies the first place. For its 
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detection a great many testa have been proposed, most of which, however, have 
little interest for the forensic chemist, particularly os they depend on phenomena 
which may also be produced by other substances beside morphine It is not in- 
tended here to justify this asseition by a ciitical examination of all the tests for 
morphine which are liable to the repioach mentioned, it will bo sufficient to 
si^alize one of them, the iodic acid, as an example The well-known property of 
this acid, of being reduced by morphine, is ceitaiiily adapted to distinguish the 
latter from other alkaloids, but is altogether insufficient to establish the nature of 
morphine, because there are a great many other substances, partly of omamc, partly 
of inorganic origin, which likewise reduce iodic acid. Nevertheless Ihave found 
that loffic acid, with tlie aid of the microscope, presents a suie means of charac- 
terizing morphine perfectly, because the reaction between this alkaloid and the 
above-mentioned test proceeds under such peculiar appearances that morphine 
cannot be mistaken for any other substance. The process to be adopted for this 
purpose IS the following — 

After the morphine (of winch the smallest particle is sufficient) is placed on a 
slip of glass and covered with a glass cover, as much water is added as will fill the 
space between the slip and the cover and extend a little beyond the margin of the 
latter. After the glass slip is put undei the micioscope and this is directed to the 
morphme, a particle of iodic acid is put into the water at the margin of the covering 
glass. In a few moments a great number of minute spheiical yellow molecules, of 
constantly equal diameter, are soon to move iii a direction fioni the iodic acid to 
the sides of the morphine, and soon form in it's vicinity niimeious colourless needle- 
shaped crystals, mostly united so as to foini tufts For the observation of this 
microscopic metamorphosis a magnify ing-powei of oOO linear would be the most 
suitable , when a more poweiful system of lenses is employed, the ditfeience of the 
focal distances of the morphine and the above-mentioned moh^ciiles and crystals 
readily becomes too great for the distinct obsoivation of the Avhole simultaneously. 
Hence it is also advantageous to place under the covering glass the thimiest possible 
fr^fment of morphine. 

I reserve for another place a more detailed communication on this subject. 


Experiments on Chemical Dijnamlcs. 

By J, H. Glxdstoxe, F.ILS,, and Alfred Tribe, F.C.B, 

The authors had recently communicated a paper to the Roj al Society in which 
they investigated somewhat minutely what tiilo'S place when a plate of one metal, 
such as copper, is immersed in a solution of a salt of another metal, such as nitrate 
of silver Iney had shown that, while the silver was being deposited on the copper, 
an actual passage of the nitric element towards tin* moie positive metal occurs, 
causing the foimation of a dense solution of uitrati' of coppci inside the crystalline 
deposit, and a consequent downwaixl ciuient, and at the same time an upward 
current of almost pure water from the tips of the crystals. They had shown, also, 
that with solutions of ditferent strengths the chemical action in a given period 
(say ten minutes) is not in diiect proportion to the strength , but, extens pm thus, 
twice the strength gives three times the chemical decomposition This augmenta- 
tion had been attributed to an increased conduction of the stronger liquid In the 
present paper the aiithois exhibited these phenomena m a dissected form, and 
earned tqe observations still further 

Instead of the silver crystals being allowed to grow from the copper into the 
nitrate-of-silver solution, two sepaiate plates weie taken, one of copper and the 
other of silver. The copper plate was immersed in nitrate of copper, and the silver 
plate in nitrate of silver, while the two metals were connected by a wire, and the 
two liquids were connected by a porous cell. Silver ciystals were gradually formed 
upon toe silver plate, while the copper was dissolved , and at the end of some 
hours it was found that all the silver had been removed from solution, and that 
the loss of the copper plate was almost exactly what might be calculated from 
the amount of nitrate of silver originally placed in the other cell. The actual 
numbers were — theoretical 0*412, actual 0*402, The copper nitrate was formed in 
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the coll with the copper plate^ the specific gravity of the liquid having risen fironi 
1*016 to 1 047. 

^ A similar experiment was tried with plates of copper and zinc in sulphate of 
copper and sulphate of zinc rcspcctivoly. The result was as before, metallic copper 
being deposited on the copper plate, and the sulphate of zinc using in specific 
gravity from 1 12d to 1 IdO. 

In order to determine whether the amount of silver deposited depended, not 
merely on the amount of the silver in solution, but also on the amount of copper 
salt that bridged over the intervening space, similar expeiiments were made m 
which the nitrate of silver was kept constant, but the nitrate of copper was increased 
by equivalent multiples. It was found that the silvei deposited increased with the 
increase of the copper salt, being about double whem the copper salt was seven 
times as strong, and that the effect of successive additions gradually diminished. 
This IS in strict accordance with other experiments, showing that, when the copper 
plate IS immersed in a nnxtuie of the mtiates of copper and silver, the amoupt of 
silver deposited is increased, and increases with each successive addition of copper 
salt, though 111 a diiiiimshing latio. 

Tliat this acceleiation is not produced by a copper salt only was proved by re- 
peating the experiment with a variety of other nitrates. 

The subjoined Table shows the results, and indicates, at the same time, that the 
increased effect does not depend simply upon the nitnc element, which was present 
ill the same quantity in all, but likewise on the nature of the salt 

Size of plate sq imllmis , volume of solution 72 cub. centims , containing 
2 8 per cent, of nitrate of silvei , temperaturo I8^ C. , time 5 minutes. 
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On Cnjstals of Silver, By J. H. GLAiisroNE, F.lt.S 

The crystalline depo«<it on copper or zinc immerhcd in silvei nitrate forms a 
very beautiful object when viewed under the microscope The form, colour, and 
general charactei of it depend iciy much on the stieiigth of the solution , if weak, 
say 1 per cent , the led metal is presently coveied with a giowth of small ciystals, 
which are quite black, but as the action pioceeds some of these crystals grow 
nioie rapidly than others, especially at the angles of the plate, and the new giowth 
IS white. If the solution bo stionger, say 3 pi'r cent , there is no black deposit, 
but the white silver simulates the appearance of furze-bushes or fem-leaves of 
varied structure. In much stronger solutions, say 12 per cent , the ciystals re- 
minded the author of juniper-bianches, and in stronger still they had rather the 
outward form of moss. In nearly saturated solutions the crystals of silver end in 
thick knobs. The crystals at first advance pretty uniformly into the liquid, but 
when they have considerably reduced its strength, there usually happens a stop- 

E of the general advance, and a special growth from one or two points, forming 
^ feathery crystals, that sweep rapidly through the lower part of the solution. In 
a 1 per cent solution these are long meandering thread'^, with tufts like the den- 
dritic appearances in minerals. The crystals are peculiarly beautiful when nitrate 
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of copper or of potassium lias been previously added to the nitrate of silver. 
Borne other forms were dcscnbed ns piodiiced under peculiar circiunstnnces, such 
as long straight threads, of extieme tenuity, often changing their diiection at a 
sharp angle. 


2i'ote on Fihrhi, Ihf Dr. John Goodman 

The author haling read a paper on the aboic subject at the Meeting of the 
Association in Liveipool last yeai, has been since that period constantly engaged 
in a long senes of experiments establishing the truth ot the statements there set 
forth. The following is an epitome of the lesults obtained. 'J'ho experiments 
were performed under the inicio'scope — 

1. Albumen immersed for some shoit time in cold water loses its characters as 
albumen, and becomes tiansfoimed into a substance ivliieh the author asserts 
exactly resembles blood-fibiin under the microscope 

2. This substance exhibits intense attiactne powers. 

.3. It decomposes peroxide of hydrogen with etien escenco. Accoiding to tho 
author’s \iews, all these cxpeiiments showed that water is tlio prnuaiy fouice of 
this change, an<l that until albumen is in some Avay sub](‘ctcd to tlie inllucnce of 
water, oxjgen can exeitno intluence inpioducmg this cliange 

4. The rapidity or intensity of tho tianstormation was not increased by raising 
the tempeiature of tho water. 

5. Ov albumen does not se become tiansformcd into hbiin by the loltaic 
cuiTeuts, only to such an extent as its water of fluidity is a\ailable for this pui- 
pose. 

(3 But when diluted with water tlie entiio ma«s of albumen submitted to the 
current was lopidly transtoimed into libiin 

7. When this substance was submitted to potash it di'jsohed in three minutes, 
whilst blood-hbiin requned twehe liouis and o\ albumen twenty-four houis for 
solution. 

8. In strong h-^diochlonc arid botli tins substance and blood-fibnn dissolved in 
twenty-four houis, whilst oi albumen was not completely dissohcd in sixteen 
davs 

9. In all acid solutions of this substance, and of blood-fibiin precipitated by 
alkalies, and of alkaline solutions precipitated by acids, the authoi asseits tliat ho 
invariably finds tibiinous rods and foimations poifoctly identical in their appear- 
ance one with tlie other, and without any eongulum peculiar to albuminous preci- 
pitations; whilst on the other hand m similai solutions of albumen similarly pre- 
cipitated, he finds as invariably a dense tloeeulent eongulum, without tho preseneo 
of fibrinous rods or other formations Alkaline solutions, moieoier, of albumen 
precipitated by acetic acid gave alwavs a dense white and tloeeulent coaguliim, 
and those precipitated by nitric acid gaio a lemon-} ellow pieci])itate, whilst 
neither white nor lemon-yellow eoagnla oecnried in similar piecipitations fiom 
like solutions of hbriii thus pioduced as blood-fibnn. J’lie author maintains that 
these expenments show that tho substance thus produced by tlie agency of water 
is genuine fibiin. 


Prdminary Noik^on a New ]\ht7iod of Testhuj Samples of Wood- Naphtha^ 

Bij William IIarkxlss, F.li M.S. 

The detection of wood-naphtha, when present in alcohol, is now comparatively 
easy, but the converse pioblem, viz. the detection of alcohol in wood-naphtha, does 
not seem to have occupied the attention of chemists generally. 

Methylated spint, which is cheaper than wood-naphtha, is the only adulterant 
likely to he used, and any simple mode of determining its presence must be of 
some value to the chemist. One of the most common methods of examining a 
sample of naphtha is to ascertain its boiling-point , but this is not leliable, aa 
ditierent samples, even of the same specific gravity, may boil at diffeient tempera- 
tures, vaiTing from 138° F. to 15G°r., and yet be free from ethylic alcohol, 

Tho following method of testing samples was discovered by the author whilst 
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engaged in the preparation of oxalate of methyl. It was noticed that different 
samples of naphtha gave diffeient quantities of this ciystallino body. Further 
investigations showed that the presence even of a small quantity of methylated 
spirit or alcohol m the wood-naphtha from which the oxalate was prepared, altered 
in the most striking manner the temperature at wliich solidification took place. 
Thus, oxalate of methyl prepared from pure wood-naphtha is always solid at a 
temperature exceeding lOCFF This has been confirmed by experiments on all 
kinds of naphtha, English and foieign 

In samples containing methylated spirit or alcohol, crystalli7atioii always takes 
place at a tempeiatuie less than 100'’ J<’, such teinpeiatiue depending on the per- 
centage of alcohol piesont. The following aie the a\ ciages of many experiments 

Per cent of alcohol Oxalate of methyl 

in naphtha. iolid at or about 

0 ‘ 101° Fain. 
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80 
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dO 
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The test is easily applied. Di-^til at a modoiato heat I oz of the suspected 
spiiit, 7 dts oxalic acid, and 1 oz sulpiiuric acid, collect the crystals, if any, in a 
small beaker, and heat until tlu' en^tals molt, then with a theimometer watch 
the temperatuie at whuh cv} stsllization again takes pl.ue 

One piecaution is necessary the sample examined, if not miscible xMtli water, 
must be rendered so by liltiation thiQugh chaicoal picMous to testing. 


A Method of Preservim/ Food hij Muriatic Acid, 

B]) the liev. H JlroirrOxV, M A. 

As the great objection to piescuing articles of food hv chemical compounds is 
that it imparts a flavoui to tliem more or less unpleasant, it occurred to the author 
to try xvhether they could not be pieserNcd in tlie fiist instance by muriatic acid, 
and then before use he deprived of their acidity by means of soda or its carbonates. 
The author tried many cxpeiimonts, and found that in mnny cases the plan might 
be employed with xeiy good lesnlts, the inmiatic acid not afiecting the most 
delicate flax ours, but leaxing the aiticlo ]ust as it was before, xvith only a slight 
not objectionable taste of common salt There are two piincipal w^ays of effecting 
the o^ect • — 

1. To dip the meat, fish, or other siihstanco at intervals, if necessary, and expose 
it fieely to the air to dry Duiing this process of drying the coating of munatic 
acid prevented the appioach of decomposition. JMeat and fish thus piepared ic- 
mained perfectly sweet for mauy months. The only thing necessary before using 
them was to steep them iii a \eiy dilute solution of caiboiiatc of soda till any 
slight traces of the acid were neutralized. 

2. The other plan is to enclose the subsfance in a close vessel with a small quantity 
of muiiatic acid, so as to pi event exaporation. A \ery small quantity of muriatic 
acid seems to bo sufficient to destioy the germs of decomposition — a quantity 
which, when ultimately neutralized by soda, gives a scarcely perceptible flavour 
of salt. A too largo quantity of muriatic acid tends itself to decompose the sub- 
stance submitted to its action 

One application of the plan was described. If meat be cut up small and steeped 
in weak muriatic acid, and xvhen it is thoroughly penetrated boiled in a very 
dilute solution of carbonate of soda, carbonic acid is e\ol\cd in the pores of the 
meat, and splits it up into such minute fiagments as to pioduce virtually a solution 
of the meat. 
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m On the Aluminous Iron-ores of Co. Antrim. 

By Dr. J. Sinclair Hollen, of Larne. 

These ores have only been discovered within the last few years, and exhibit a 
seam both extensive and rich. It lies continuously for about seventy miles alon</ 
the coast and raountain-glens of Antrim, being nearly horizontally intei spread 
throughout the basaltic rocks which form the floor of the county, and at an average 
height of 300 feet abo\e the white limestone 

The elevation above sea-level varies considerably, as among the highest moun- 
tains it IS found at a height of over 1000 feet, from which it gradually falls north 
and south as low as 200 feet. The general dip of the beds is south-west. 

Dr. Holden gave analyses of the oro, and adds that it is not analogous to any 
known iron deposit in England, and that basaltic rocks, though containing some 
iron in then composition, are not gt'nerally associated with large deposits of iron- 
ore. The ferruginous stratum consists of tluee qualities ot oie, which, in descend- 
ing order, oie . — 

Av Cl ago Metallic Iron 
per font. 

Pisolite 2 

Bole 8 20 

Lithomargo , . 30 ... . IJ 

Total thickness 40 

Those graduate into each other. The upper bed, or pisolite, is the riche.st in iron, 
and wmrking quantities can be mined containing fiom 30 to 50 per cent, of metallic 

iion. 

Large quantities of this ore have now been raised and shipped to England, 
where it has already made a reputation for itself, in facilitating the pi eduction of 
pure iron from the siliceous hrcmatites. The entire absence of phosphoius and 
sulphur, and the presence of a laige percentage of alumina, add much to its value, 
both as an iron-ore and a flux 

When intermixed with the siliceous ores in the smelting-fiirnjtce, the eficct is to 
soften the slag, producing a loose load,” which allows the metal to pass through 
easily, forming a pure pig,” and, fiom a given quantity of the mixed ores, detei- 
mming a higher percentage of metallic iron than could bo otherwise obtained. 

It 18 chiefly used in Lancashire, Cumberland, and South Wales, and is becom- 
ing a necessity whore good steel-iion is demanded. To show that an extensive 
source of industry has already been developed, it may be stated that upwards of 
50,000 tons weie exported lust year, and the quantity will be much greater this 
year. 

The discovery of this ore has had the oflect of stimulating mineral research in 
the adjoining counties, and Dr Holden states not in vain, as samples of a good 
siliceous hamiatite liavo been shown him, and only wait exploration where they 
were discovered If found in quantity, no better outlay of capital could be in- 
vested than in the erection of smelting-furnaces on the Antnm coast. 

As suggested by the President of tlie Section, theie could bo utilized in the 
local smelting of the ores the largo quantity of peat av ailable m the north of 
Ireland. ~ 


Localities of Diojytase. By Professor N. Story Maskin.yne, F.R.S. 

Dioptase has hitherto only been known as a product of the copper-mine at Alt^n 
Tubeh, in the Kirghese steppes of Tartary, if we except certain reputed localities 
in Germany , it has been recently met with among old specimens that have been 
traced to localities in Chili 

One of these was among the specimens preserved in drawers at the British 
Museum, which have lately been under careful examination with a view to their 
identiflcation, and another similar specimen was obtained some years since by 
W. G. Lettsom, Esq , the well-known mineralogist, from a dealer at Vienna. 

The crystals on both are minute but distinct, and are those of dioptase. The 
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ganffue is a compact micaceous haematite ; the locality, tracec^ to an old sale 
catalogue of Ileuland’s, is the Rosario Mine, Chili. 

It 13 singular that other specimens of the same mineral should have been 
found among the specimens pieserved in the Biitish Museum. One of these is 
associated with chrysocolla and ochre on a quaitzose veinstone, another occurs as 
a thin crust on a schorlacoous rock, both being from a Ohilian locality. A specimen 
recently obtained is associated with quart/5 and eisenkiesel, and is irom the Mina 
del Limbo, Del Salado, Copiapo, Chili. 


On Andrewsite. By Professor N. Story Mvskelynk, FM.S. 

A somewhat well-marked m’oup of minerals would seem to justify the designa- 
tion of the Dufienito gioup,by reason of their having, as a common constituent 
(or being capable of being so i^ieseiited), a compound of which the formula is 
P3 Gy -f- Kj Oy , R being Fc in the case of Dufrenite. 

Dufrenite being Fe^ Oy + l’\\ 11^ or, in Berzelian symbols, Fo P, Fo Ifg. 

Peganite is A1 P. A1 11 , -f 311 

Fischerito is A1 P, A1 If, -f 511 

Cacoxene is Fe P, Fo II, + 91 F 

Wavellite is 241P, A1 If, + 9ir 

A mineral recently found 111 Cornwall, and sent to the Biitish Museum by Mr. 
Tailing, may peihaps bo lefeiied to Ibis gioup It has been analyzed in the 
Museum Lanoiatoiy, and Piofes^or J\[a<^k(dyne named it Andiewsito, in honour of 
the distinguished Piesident of the Chemical Section of the British Association, 
Dr. Andrews, of Belfast. 

Andrewsite occuis m occasional association with a bnght green mineral in 
brilliant minute crystals, presenting a stiongly inaiked robemblanco to those of 
Dufrenite This green niineial not havnug been as yet, fiom the small amount 
obtained of it, submitted to an analy^us, is only provisionally termed Dufrenite 

The Andrewsite which it sonn'times tlius accompanies piesents itself in globular 
forms or in disks with a ladiato stiucture, and in habit cuiiously resembles Wavel- 
lite. Its colour is a slightly bluish gieen , its suiface is generally formed of a very 
thin layer of the mineial piovisionally teimed Dufrenite, crystals of which occa- 
sionally stand out of the globules 

The interior of the globules is sonn'times homogeneous, and consists of radiating 
crystalline fibres, ofteuer one perceives an almost sudden tiansition from an outer 
shell of some thickness, which consists of Andrewsite, into an inner core, formed 
of a brown mineral 

Seen under the niicioscope, tlie two minerals appear to aceitain degree to inter- 
penetrate each other, so that the selection of material for analysis is a work of 
much caution 

The spherules usually stand on the pi ejections of a quaitzoso v eiiistono, protruding 
into a hollovvq and covert'd with a mass of limonite, sometimes cairymg a drusy 
crust of Gothite, and studded occasionally with a few brilliant littlo crystals of 
cuprite. The spherules aio met with in one or two cases on cuprite formed round 
a nucleus of native copper Audi evv site, in fact, contains copper, four analyses of 
separate specimens giving the peicentages of 10 061, 10 702, 10 917, and 11 002. 

The analyses of Andiewsito have proved sufficiently concordant to justify the 
formula 

3{FeJ>, Oy+Fe,II,Oj+CuP,Oy, 

or 3{FeP,Fell3}d-Cu, P, 

in which, however, a portion of the feme phosphate is replaced by ferrous phosphate, 
as in Vivianite is frequently the case with the two phosphates, 
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The parallelism of Chenevixite (Cug As, O^+Fej H„ 0„) with a portion of the 
above formula is worthy of attention, and may justify the formula being written as 

2{Fe, P, 0,+Fe, 0„}+Cu3 P, O^+Fe, II, O^+Fe, P, O,. 

A larger supply of the mineral will no doubt soon be forthcoming, when the 
formula may bo fixed on the foundation of more certain analyses. The specific 
gravity of this mineral is 3 475, that of Dufreuite being (from Siegen) 3*2 to 3*4. 

The chalkosidento of IJllmann, tlie name by which, nearly sixty years ago, ho 
designated a thin crystalline coating overlying the radiated vanety of tlie 
Gruneisenstem (Dufrenito) of the Ilollertor Zug, Saj^n, Westphalia, does not 
seem to have been analyzed by him. lie states that it contains copper, but the 
subsequent analyses of Gruneisenstem do not appear to confirm this statement j 
indeed it appeals more neaily to resemble the gieen crystallized mineral which 
has in this note been provisionally desciibed as Dufrenito. 


On Ozonometnj. By T Moffat, M.D., FG S, 

The author stated that ozone tcst-papeis did not become permanently coloured in 
the neighbourhood of cesspools, and that the brown colour, when foiincd, is 
lemoved by the products of putrefaction lie also stated that light, the humidity 
of the atmospheie, and direction of the wind inlluenco the colouiing of the test- 
paper. Moisture with heat accelerates the chemical action, while a strong wind 
causes a greater amount of ozone to impinge upon the test-paper in a given time 
To counteract the effect of these, he recommends that the test-paper be placed as 
far as possible from cesspools, and that it be kept in a box. lie next desciibed a 
tube-ozonometer which ho bad in use, and ga\o results obtained by an aspirator 
ozonometer, and concluded by stating that the results obtained by the latter instru- 
ment were not satisfactoiy. 


On the Photoyraphic Post. By the ABiitl Muiuno. 


On an Antimony-ore from New Zealand. ByV 1 rxisoji IVIuiR. 


Note on Ileyianic Acid. By Dr. T. L. Pjitpson, F C.S. 

Regiaiiic acid is one of seveial new substances which I have obtained at \ariou8 
times during the last few jears fiom the fruit of Juylans icqia and another species 
of walnut. The green husk of the walnut cedes to ben/ol a yellowish substance, 
which crystallizes, apparently in veiy elongated octaliedra or feathei-like gi’oups 
of prisms. This substance, which t term leyxanmo^ is easily decomposed, and 
when tieated with alkalies oi ammonia, yields splendid led-puiple solutions, 
whence acids precipitate a brown flocculent substance (iinpuio legiamc acid) The 
latter, redissolved in a weak solution of soda, precipitated again with hvdio- 
chlonc acid, and washed with boiling water, forms ajet-black amoi’phous powder of 
great density, which is puie regiamc acid. It yields to analysis the composition 

IP O", 

and forms a brown lead-salt, PbO^ C“ IP 0’^, also a jet-black silver-salt, very simi- 
lar m appearance to the acid itself, and with lime a beautiful pink-coloured salt, 
which is precipitated by boiling its solutions with a little ammonia 

Regiamc acid is insoluble in water, but dissolves in alkalies with a beautiful red- 
purple tint, that has no particular action upon the spectrum. It appears to bo 
derived fiom regianine by oxidation, for I extracted all the oxygen fioui a volume 
of air by placing in it a little regiamne and soda. 


Note on the Action of Aldediyde on the two Primary Uieas. 

By Dr. J. Emerson Revnolds. 

The action of the dicarbon aldehyde of the fatty series, C^II^O, on certain doii- 
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vatives of ammonia has of late been studied with considerable care, and most in- 
teresting results arrived at in the course of the investigation. We have been long 
familiar with the reactions of aldehyde with aniline, described by Schift) who has 
shown that the dyad group, CjHj", or ethyliden, as it is often called, can replace 
successively two distinct proportions of hydrogen m the double molecule of ani- 
line, water being eliminated according to the equations . — 


2(CJI„Nir,)+C,H/'0= 0) 

2(C,II„NII.)+2(C,H;'0)= l&jljNc'n;-'! (2) 


We are also acquainted with analogous reactions which have been obtained with 
amides and aldehydes of the aromatic series ; it therefore appeared to be a matter 
of some interest to examine the action of aldeh;yde on another class of ammonia de- 
rivatives, the group of so-called ureas. Of these, there are at least two primary 
bodies — one the well-known pioduct of the animal organism, or Wohler^ beau- 
tiful artificial urea ; and the other, the sulpho-urea, which was discovered a few 
years ago by the author. 

It IS unnecessary now to discuss the (Question of the identity or otherwise of 
Wohler’s and the normal urea ; it is sufficient here to mention that all these experi- 
ments have been made on Wohlei’s urea and on the analogous sulphur compound. 

It will be convenient for the piesent to regard the two ureas just referied to as 
ammonia derivatives respectively of carbonic (according to Dr. Kolbe carbamic) 
and sulpho-carbonic acids ; thus — > 

/Nir, 


Wohler’s urea 


CO' 


\ NII; 

Sulpho-urea 

the autlior’s object being to attempt the partial or complete replacement of 
hydrogen m each urea by the ethyliden group, according to the equation 

cs { ' } + 0. II. " 0 = cs { N' J. H." I +11. 0 

The chief results aiiived at in the course of the inquiry are the following • — 


Action of Aldehyde on the Sidpho-Ut ca. 

The first expel imenls were made with the S'llpho-nrea A quantity of the pure 
compound was dissoUed to saturation in neaily anhydrous aldehyde The hot 
saturated solution was digested lu a heimetically sealed fiask, at a tempeiature of 
100° C , for two hours. The solution was then allowed to cool. No urea-crystals 
were deposited After two days’ standing, however, a number of minute, spheri- 
cal, subciystalline masbcs weio found to haie attached themselves to the sides of 
the fiask, and these gradually increased in quantity, until a considerable amount 
had been obtained. The clear liquid ga\o a copious white piecipitato with water 
and with alcohol. The deposited body was caiefully washed witli cold alcohol, 
in which it IS very slightly soluble, and then puiified by solution in a large vo- 
lume of boiling anliydrous alcohol, fiom whuli the new body separates out to a 
large extent on cooling, as a somewhat staich-like gianular substance, seen under 
the micioscope to be made up of extremely minute crystals. The anal} sis of the 
body gave numbeis agreeing well with the foimula 



NC,H, 
Nlf 


2» 


tt 


and is therefore deiived from the urea by the replacement of half the hydrogen 
by ethyliden. 

" The new body is but slightly soluble in ether, rather more so in cold alcohol, 
but its solubility in boiling alcohol is much greater. In consequence of its rela- 
tions to these solvents, the substance can be easily purified. It is but very slightly, 
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if at all, truly soluble in cold water; but when digested at 100° 0. with water, 
solution is obtained (but solution in consequence of decomposition), aldehyde 
being produced, and the urea separated with some ammonium sulphocyanate. The 
essential reaction is probably correctly represented by the equation 

CS" {NH'”*}+IIaO = CS" {NH.}+C,H/'0, 


or the converse of that according to which the cthylidm sulpho-urea is formed ; 
dilute acids and alkalies act in the same way. 

From the alcoholic solution the author obtained a platinum salt and a gold 
compound. 

Action of Aldehyde on Wohlci ’s Ui ca. 

The urea was dissolved nearly to saturation m aldehyde, and the solution di- 
gested in a sealed flask for two hours at 100"^ 0 Wlien cool, the flask was opened, 
and the contents poured into a suitable \essel, and the aldehyde slowly evaporated. 
No crystals of the urea were depo‘^lted, but a lianspareut pasty mass lemained 
when the solvent had been almost holly dm en ofl' Aftei standing for twenty- four 
hours, the residue was found to bo AAhite and fnable The mass was powdered, 
and digested in the cold with nearl}' anhydrous alcohol, in which it is very slightly 
soluble at ordinary temperature, washed with the same liquid, and then boiled 
with alcohol. The filtered solution so obtained deposits, on rapid cooling, a con- 
siderable quantity of a floccubuit body, seen under the microscope to bo wholly 
made up of minute and considerably modihed monoclinic crystals. Analysis gave 
the formula 



ncmt;' 

Nlf, 


for this body. A platinum compound has boon obtained, but no gold salt. 

The new substance is easily decomposed b\ digestion with water into aldehyde 
and the products of decomposition of the urea The lirst stage of the reaction 
may, no doubt, be represented by the equation 


+ii.o=co 

• Having succeeded in replacing half the h-vdrogen in each of these ureas, di- 
rectly and by a very simple reaction, the author endeavoured to go a step further, 
and substitute a hydrocarbon CTOup for the residual h>drogen within the molecule. 
All attempts in this direction nave hitherto been fruitless. 

In view of the facts above stated and others well known, pTo\ing that half the 
hydrogen only is capable of replacement, and that each atom of nitrogen within 
the molecule of the urea is somewhat difterently engaged, we are clearly warranted 
in slightly modifying the rational formula of each ui ea, in order to bring it into 
more complete harmony with the facts The extent of the alteration is apparent 
■when we write the formulfc of the ethylidcn uieas refeiTed to in this note, tnus: — 


f NCMI, 

Ethyl iden ureas COll 
.Nil. 

. - fNcjr, 

Etliyliden sulpho-urea | C8H 


On the Analysis of a sinqular Deposit from Well-water. 
By l)r. J. Emerson IIeynolds. 


On the Chemical Constitution of Glycolic Alcohol and its ITeterologueSf as viewed 
in the new light of the Typo-nucleus Theory. By Otto Bichter, Ph.D. 
The chemical constitution of glycolic alcohol and its heterologues may be ade- 
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gjuately expressed by means of the following table of rational 
non-essential constituents are separated from the essential 
honzontal line : — 


formulce *, where 
constituents by a 


II„C,0, 
Glycolic alcohol. 

Dcfrlycolic alcohol 

icc.o. 

Glycolite of water. 

11,0, 0„ 

fJlycolatc of water. 

n.c,o,. 

Oxyglycolato of water. 



H,0, 


ir,o,. 

2C,, 

11, o; 

211,1 

U,, HjOj 


II, 0,. 


H,0,. 

2C„ 

1L,0,‘ 

2C,; 

11,0, 


n,o,. 


11,0,. 

20- 

If. (>7 

211, 

20,0 


n,o,. 

11,0,. 

rc,7 

11.0/ 

211, 

^0,0, 


iM>“. 


H,0,. 

2(J,; 

11,0/ 

211, 

20,0, 


So far as the author knows, the glycolic alcohol, which is the parent molecule 
of this family gioup, has not yet been obtained in a state of isolation. The ethy- 
len-glycol might at first sight bo taken for the missing alcohol, nioie particularly 
when we couple the decidedly biatomic character of their respective molecules 
with the other, and even more significant fact, that the whole of the glycolic he- 
terologues may be produced by the simple oxidation of the ethylen-glycol. Never- 
theless, and notwithstanding these stiiking points of resemblance, the author is iu- 
clinOvd to believe that these two alcohols aie only isomenc ; and ho grounds this be** 
lief upon the occurience of a ceitain class of chemical compounds, among which 
the so-called diethyl-acetal is the most conspicuous and best in\ estimated member. 
This diethyl-acetal is strictly isomeric with the diethyl-ether ot the ethylon^ 
glycol, and it is no doubt the missing glycolic alcohol to which wo are indebted 
for this curious and instructiye case of isomerism. A cursoiy examination and 
companson of the subjoined rational formula) will suffice in order to proyo the 
correctness of this yiew. 


HnC.O, 

Ethylen-glycol. 

Glycolic alcohol. 

Diethyl-ether of etliylen-glycol. 

Diefliyl-acetal. 


TT>0,. 11,0,. 

II, 0,^20. ,11,0, 

H,0,. 11,0,. 

11,0/ 211.0,, H,0, 

2ii,c,,ir;o, 2n,Cjn,0,. 

1 . 0., ir,0,^-2C,;II,0, 

211,0,, 11,0,. 2n,0.;n,0,. 

20„ 11 AV '^11,0., 11,0, 


Ethylen-glycol differs from glycolic alcohol in two essential points '—First, in 
the former compound the two alcoholic constituents are represented as playing 
the coordinate part of principal alcoholic bases, while in the latter compound one 
of these alcoholic bases is represented as playing the subordinate part of adjunct 
to the other base. Secondly, the relatiye positions which the two alcoholic con- 
stituents occupy in ethylen-glycol are exactly reversed in the glycolic alcohol. A 
mere glance at the two formula) which express the chemical constitution of the 
isomeric ether derivatives will enable the reader to complete the analysis of these 
hitherto obscure and unintelligible cases of isomerism. To the second member in 
the family of glycolic lieterologucs, which is likewise very little known, the author 
has applied the term deglycolic alcohol,” in order to record the fact that it is 
produced from the primary alcohol by the simple abstraction of two molecules or 
hydrogen from the methylen adjunct of the principal water-base. This secondary 
alcohol, like the majority of the alcohols which occupy the second place in the 


* The following are some of the typical symbols of molecular grouping used in these 
fomuhe * a dot connects the base with its acid, a semicolon the hydrocarbon adiunct with 
Its principal, an inverted semicolon the halogen (acid, base, or salt) adjunct with its prm» 
cipal, and a concave curve two principal bases with one another — 

II, =2; C,=12, 0, = 1G. 
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family ^oup of the heterologues of the fatty alcohols, seems, from its want of 
stability, very prone to merge into the isomeric and far more permanent modifica- 
tion of the glycolite of water. In this remarkable metamorphosis the double 
carbon adjunct of the principal water-base becomes first of all converted into an 
acid twin carbon-nucleus, winch reunites under this new form with the old water- 
base, whereupon, under the combined influence of base and acid, the remaining 
water-molecule becomes decomposed, so as to surrender its oxygen to the envelope 
of the acid twin carbon-nucleus, while the hydrogen connects itself with the same 
nucleus under the typical form of a hydrocarbon adjunct. It is worthy of note 
that in this singular and characteristic rearrangement of the constituent elements 
the organic molecule has, without loss of suostance and without loss of satu- 
rating capacity, passed at one bound from the category of a true and genuine al- 
cohol into the category of a true and genuine water-salt As regards the two 
remaining heterologues of glycolate of water and oxyglycolate of water, you can- 
not but see that then formation is duo to the successive absorption of two mole- 
cules of oxygen by the envelope of the glycolous acid constituent, and that they 
differ from each other in this respect only, that the former contains for its prin- 
cipal constituent formate of water, while the latter contains instead of it oxy- 
formato of water. This oxy formate is a highly mteiesting isomeric modification 
of the neutral carbonate of water, which, on account of its excessive want of 
stability, cannot be obtained in a state of isolation. The compound before us 
differs from the isomeric neutral carbonate in being decidedly monobasic, while 
the latter is as decidedly bibasic. The cause of this apparent anomaly becomes 
tiow fully revealed , for it is plain that one of the two hydrogen-molecules, which 
in the ordinary carbonate of water are both of them icadily displaceable by metals, 
has assumed the hydrocarbon form of grouping, in consequence of which it will 
fcease to play the part of a basic nucleus , and altliough it may become eliminated 
Or exchanged in obedience to other modes of substitution, it is certain that the 
ordinary process of double decomposition has no control over it. 


The Molecular arrangement of the Alloy of Silver and Copper employed for 
the British Silver Coinage. By William Ciivndler Roberts, Chemist of 
the Mint. 

Experiments have demonstrated that when a molten alloy of silver and copper 
is allowed to cool, the composition of thoiemlting metal is not uniform, the cooling 
being attended with a remarkable molecular rearrangement, m virtue of which 
certain constituents of the molten alloy become segregated fiom the mass, the homo- 
geneous character of which is theieby destioyed. 

Thus, to take an extreme case, an alloy containing 77 .33 per cent, of siher and 
22 67 per cent, of copper was cast in a cubical mould of 42 millimetres A portion 
cut from the centre of the mass gave on assay 78 318 per cent of silver, while a 
portion cut from one of the angles was found to contain only 77 015 per cent, of 
silver, showing a difference of 13 03 milliemes. 

Levol proved that the alloy containing 71 89 per cent, of silver is homogeneous, 
and m all alloys containing more silver than tliis amount the centre of the soli- 
dified mass is ncher than the exterior ; on the othei hand, in alloys of fineness lower 
than 71 89, the centre contains less silver than the external portions. 

The alloy employed for the British silver coinage contains 92 5 parts of silver and 
76 parts of copper in 1000 parts of alloy The metals are melted together and cast 
into bars 18 inches long and 1 inch thick ; these bars are subseq^uently rolled into 
strips or nbands, and from these iibands the disks of metal to form the coins are 
cut. 

Experiments conducted in the most careful manner proved that the centre of 
the riband contained more silver by two parts in the thousand than the external 
edges. The increase in richness fiom one edge of the riband to the centre, and 
the corresponding deciease m richness from the centre to the opposite edge, waS 
extremely regular, as was shown by the curve or graphic representation of the 
results by which the paper was lUiistrated, 
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On the Retention of Organic Nitrogen hg Charcoal. Bg E. C. C. Stanford, 


Improvements m Chio) imetrg. 

Bg John Smyth, Jan , A M , M.l.C.E I., F.M S. 

The author showed that the use of tlio milky solution of bleachmg-powder iu 
chlonmetry is uiisatisfactoi}'^, and was therefore glad to discover a method of securing 
a clear solution containing all the chlorine by dissolving the sample in an alkaline 
solution. Tins is conveniently done by adding, say, 10 grammes of bleachmg- 
powder to 20 grammes of soda-crystals (Na, COj + lOJl^ O), filtering out the 
piocipitated carbonate of lime, Avhicli is known to be washed when it no longer 
discharges the colour of dilute sidphate of indigo, and making up the filtrate by 
water to one litre of fluid. It is a clear colouiless liquid of the sp gr 1 007, but if 
made of sp gr 1 213 it is sliglitly greenish, having a pleasant oily feeling between 
the fingers, contiastmg fa\ourably with tlie rouglmess of the decanted solution of 
the bleaching-powder, with which it gives a precipitate Most satisfactory results 
are obtained fioni it by all tlie chloiinietiical methods, and it has the additional 
advantage of showing tlie amount of lime in the sample, a solution of known 
stiength of carbonate of soda being added until a precipitate is no longer formed. It 
is nianufactuied and used m the noith of Ireland for bleaching fine linens , and from 
the ease and accumey with vvdiicli the peicent.age of chloiine was obtained, the 
author was led to investigate the feasibility of conveiting bleaching-powder into it 
for chlorimetiical pui’poses, and obtained the o.bove lesults. 


Contributions to the Iltsfo) >f of the Phoy)horus Chloi ides. 

Bg T. E. Thorpd, Ph D., FR S E. 

I. On the Reduction of Phoyiho) gl Tnehloi ide. 

The author has attempted, but without success, to piepaie the phosphorus 
chlorides corresponding to the oxychloiides of vanadium discovered uy Jtoscoe. 
lie found that when phosphorus ovvchloiido was heated with metallic zinc m a 
sealed tube to a tempeiatuie above the boiling-pomt of meiciiiy, the phosphoius 
tiicliloiido (P Cl,) vv’as pioducod It appears, theiefoie, that the action of zinc at 
a high tempeiatuie on phosplioryl tiichloiide is sensibly different fiom the action 
of this metal on the coirespondiiig vanadium compound, in the foimer ca«e the 
reaction is attended with abstiaction of oxygen, in the latter with abstraction of 
chloi me. 

II On the Ptepaudion of PJw^pho) its Sidphochloi ide. 

The author found that perfectly pine phosphorus sulphochloride may be easily 
prepared by a reaction analogous to that by which phosplioryl tiichloiide has 
long been obtained , that is, by siinplv substituting 1^ Sj for P^ accoiding to the 
following leaction, P_, S,+3 P Cl =5 P8 Cl,. 

The niateiials mixed in this pioportioii were heated m a sealed tube to about 
l.'iO® C , 111 a few minutes combination wuas quietly effected, and the entiie contents 
of the tube were tiaiisfoimed into colouiless phosphoius sulphochloiide, a mobile 
liquid boiling constantly at 120° at 770 milhms baioni Its vapour is extremely 
iiiitating, but when diluted with air it has an aromatic odour, leminding one of that 
of the raspbeiiy. 


On the Dis'^oeiafion of Molecules hi/ Heat. 

Bg C. R C. Tichjiorne, F C.i^., il.R.IA. 

The term dissociation is applied by the author to specify a ceitaln class of phe- 
nomena somewhat distinct from ordinary decomposition This latter term is 
generally applied to any case of moleculai change which has been consummated, 
whilst dissociation is used to convoy a passive but present phenomenon. If this 
latter is earned far enough, it ultimately lesults in a lupture, and thus the phe- 
nomena of decomposition and dissociation are so intimately connected, that they 
can hardly be investigated alone. 

1871. 


G 
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Compound molecules exist in the solid, liquid, and gaseous condition, providing 
that the temperature necessary to convert them into tiiese physical moaifications 
is not above the temperature at which their components are dissociated. Thus 
we can easily conceive that a substance A may be of sufficient structural stability 
to pass through all the increasing vibiatory action of heat without dissociation of 
its component molecules, until it has passed through the solid, liquid, and far into 
the vaporous condition ; whilst a substance B has what the author calb a 
therraanalytic point, or the point where the equilibrium is broken. If it lies 
below 100° C., wo have dissociation in the liquid condition among compounds so- 
luble in water. 

A well-known natural group of bases had been studied as regards these phe- 
nomena, Mz the trioxides, alumina, chromic and feme oxides, and it has been 
found that all the compound molecules of these bases weie more or less disso- 
ciated on heating their solutions 

The feme compounds aie the most easily affected. The solutions of these 
compounds, if pine, are almost colouiless, the usual slight tinge being in most 
cases produced by the basic action of the water. By the cautious addition of 
dilute acid, almost colouiless solutions will bo procured. On the application of 
heat this solution becomes gradually darker and darker, until it becomes a dark 
reddish-brown tluid. If the water bears any considerable proportion to the salt, 
a basic precipitate falls befoie it has leached the boiling-point. The relative 
amount of the water is of the utmost importance in these phenomena, because its 
basic action lowers the thermanalytic point. The result of the dissociative in- 
fluence of heat when a precipitate is not produced, is the repartitioning of the 
elements by which a basic and an acid salt are produced in the same fluid simul- 
taneously. If those experiments are earned on under pressure, or in the presence 
of a great excess of water, the dissociative influence is so great from the increased 
range of temperature, that anhydrous oxide of non can bo pioduced in the pre- 
sence of water. 

The compounds of cliromium are capable of dissociation in a similar manner, 
and the change of colour produced by heat upon tliese solutions is due to basic 
condition, and not to the state of hydration of the salt as geneially stated. 

The alummic molecules obey exactly the same rule , but as the tliermanalytic 
point is mucli higher, and as theie is no chiomatic change to mark the dissociati've 
influence of heat, it is difficult to discern the phenomenon. Under the influence 
of solutions boiling at an incieased piessure of 11 or 12 atmospheres alumina was 
procured. The same results may be obtained by increasing the basic condition of 
the solution by a largp volume of water As the pressure raises the boiling-point 
of the water until we leach tiie thermanalytic point of the molecule, so the basic 
action of the water upon the stylous group lowers the thermanalytic point until 
we get it within the lango of 100° C If 500,000 to 000,000 times the weight of 
water is used to the amount of salt, a piecipitate is produced at 100° C. This pre- 
cipitate IS best seen by passing a beam of electric light thiough the flask. Most 
of the precipitates may be observed by the eye, but not all, they redissulve 
on cooling. 


On the behaviour of Supersaturated Saline Solutions when exposed to the open 

air. By-CiixuLns Tomlinson, F.ll.S. 

It is known that vydien a vessel containing a supei saturated saline solution is 
opened in a roony, it immediately crystallizes provided the temperature bo not too 
high Mr. Tomlinson shows that supersaturated solutions of Glauber’s salt (and 
also of Epsom salts and of alum) maybe exposed to the open air of the country for 
many hours, and even be taken out of the flasks in clean metal spoons, without 
crystallizing. From a large number of experiments conducted under various con- 
ditions, the following conclusions are drawn • — 

1. That a highly supersaturated solution of sodic sulphate may bo exposed 
to the open air of the country in an uncovered flask, and in cloudy weather^ 
for from twelve to twenty hours, without any formation of the ordinary ten- 
watered crystals. 
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2. That if the temperature fall to 40° Fahr. and under, the modified seven- 
watered salt is formed at the bottom of the solution just ns in covered vessels. 

8. That if the exposed solution siuldenlv crystnlliiio into a compact mass of 
needles, a nucleus may always he fouud in the form of an insect, a speck of soot, a 
black point of carbon, &c. 

4. That if during the exposure ram come on, the solution generally crystallizes 
suddenly in consequence of an active nucleus being brought down . but if the 
flask be put out duiing heavy lain, when we may suppose all the solid nuclei to 
be brougnt down, the rain-diops, now quite cleim, tall into the solution without 
any nuclear action 

o. That the young and newly sprouted lea^es of trees, such as those of the 
gooseberry and currant, have no nuclear action 

0. That in clear cloudless weather, when the force of evaporation is strong, the 
solutions by exposure produce tine gioups ut crystals of the ten-atom salt, just as a 
saturated solution would do if left to e\aporate slowly in an open dish. 

7 That if the solution, after being exposed to the open air, be biouglit into a room, 
it crystallizes immediately under the action of aciial nuclei 


On the ConstiUition of Salts. By J. A. Wanklyn, F.O.S. 


Recent Pi ogress in Chemistry in the United States. By C. Gilbert Wheeler. 


On the Oxidation products of the Essential Oil of Orange-peel, hiown as 
“ Essence de Portugal.’’ By C. 11. A. Wright, 1) Sc , Lecturer on Chemistry 
in St. Mary’s Hospital Mediced, Sihool, and Charles H. Piesse, Assistant 
Analyst m St. Thomas’s Hospital. 

Through the kindness of Messrs Piessi' and Lubin, wo haie had the opportunity 
of examining a specimen of pure oil of orange-peel As stated by Roubeirnn and 
Capitaine, and also by Dr (Gladstone, this oil consists mainly ol a hydrocarbon of 
formula Ok, Hjg, boiling at 174° C , and teimed Ilespeiidene We find that the crude 
oil commences to boil at 17d°, and that 97 2 pei cent comes over below 179'’; on 
redistillation over sodium this poition all comes over between 175° and 177° 
(uncorrected). The remaining 2 8 pei cent is a soft resin, wdiich does not harden 
on standing, and is perfectly fluid at 100° It is not volatile without decomposition, 
and after complete "v olatilization of ic^idual licspeiidene is inodorous , in alcohol, 
even boiling, it is but sparingly soluble, icadily soluble m ctliei, and insoluble in 
water, to which, howe\er, it communicates the niomatic bitter taste of oiange-peel. 
It contains no nitrogen, and on combustion gives numbers agiecmg with the 
formula 0 ^ II30 0^.^ 

Ilesperidene redistilled over sodium is attacked with \ iolenco by concentrated 
warm nitric acid , by dilution of the acid with its own bulk of water the action 
becomes less violent , after boiling some hours with an mveited condenser attached, 
the evolution of red fumes and of CO^ almost ceases At this stage the hydro- 
carbon has principally formed a brown lesmous substance, becomiug a very thick 
viscid liquid at 1W°, but setting on cooling to a haid buttle mass This contains 
much nitrogen and less h^ydiogen in propoition to tlu' caibon than the original 
substance Its examination is not yet completed, but the numbers obtained are 
consistent with the supposition that it is deiived fiom the original hydiocarbon by 
addition of oxygen and replacement of hydiogen by NO^ 

With strong nitric acid this brown resin is fuither acted on, pioducing a yellow 
resin not softening at 100°, and containing nitrogen and less caibon and hydiogen 
than the brown resin Much oxalic acid is also pioduced, and piobably also 
another acid containing nitrogen , for the snow-white oxalic acid got by precipita- 
tion as lead-salt, decomposition withhydnc sulphide, and several lecrystallizationfl 
from water, contained much nitrogen, and yielded (as w^ell as its silver salt) 
numbera not agreeing with but approximating to those required by theory. 

On heating one part of hesperideno with a mixtuie of three pftrts potassium 
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dichromate, one of sulphuric acid, and thirty of water, an inverted condenser being 
attached, a slow evolution of COg is noticed. After six or eight liours but little 
action has apparently taken place , but on distilling the pioduct there is obtained, 
besides unaltered hespendene, an acid liquid, which yields by neutralization a 
barium salt, giving all the qualitative reactions of acetate, and containing the cal- 
culated percentage of barium ; a little formiate is possibly also produced, as the 
barium salt reduces silver nitiate slightly on boiling. The silver salt got bj 
precipitation with strong silver nitrate and recrystallization from boiling water is 
pure acetate. 

The action of potassium chlorate and sulphuric acid on hesperidene is very 
energetic, a viscid tarry substance, not yet examined, being produced 

The production of acetic acid from hespendene renders a grouping of carbon 
atoms of the following nature probable — 

CIL 

We hope to be able to gain some further insight into the structure of the group 
Cg Hj 2 , and propose to submit to examination several other essential oils, hoping 
that the results may throw some light on the causes of the physical isomerism ” 
of the turpentine group of hydiocarbons. 


On certain new Derivatives from Codeia. By C. H. A. Wktoiit, D Sc., 
Lecturer on Chemistry in St. Manfs Hospital Medical School. 

When codeia is heated to 100° C for two or three liours with fiom three to six 
parts of aqueous hydiobromic acid containing 48 per cent Illh, there are formed, 
without appreciable evolution of methyl biomide, thiee new bases, of which the 
two last aie pi od need by a further action on the first. These are — 

Bromocodide 0,^ II^o Br NO^ 

Deorycodeia 0,^ II^, NOj 

B) omoteti acodeia II^j Br 

The two first are soluble in ether, and may thus ho separated (after precipitation 
by sodium carbonate) from the last, which is almost insoluble in this medium. By 
agitation of the etherial extract with hydrobromic acid there is obtained a viscid 
liquid, which contains little but bromocodide hydrobromate, if the digestion of the 
codeia have been canned on for a short time only, but contains also much deoxy- 
codeia hydrobromate if the digestion have been continued somewhat longer. This 
latter salt sepaiates in crystals from the viscid liquid on standing, the biomocodide 
hydrobromate furnishing a gummy mass only on standing and evapoiation. 

By dissolving the portion insoluble in ether m dilute hydrobioniic acid, and 
fractionally pi ecipitating the coloured solution thus got with stiong hydrobromic 
acid seveial times successively, bromotetracodeia hydrobromate is ultimately 
obtained in white amorphous flakes, that become tariy if wanned while moist, 
and colour more or less on dr} mg. When once dry, a temperatuie of 100°C. does 
not soften the ainoiphous salt 

The following leactions explain the productions of these three bases fiom codeia 
hydrobromate — " 

Codoia hydrobromate Bromocodide hydrobromate. 

C,, H,, NO,, IIBr + IIBr = If, 0 -f C,, NO,, IlBr 

Codeia hydro- Bromocodide hydro- Deoxycodeia hydro- Bromotetracodeia 

bromato brornate bromate hydrobromate 

4 (C,,Il„N 03 ,nBr) 4- 0, JI,oBrNO„IIBi = 0,,H„N0„HBr 4- C,,H„BrN , 0,,,4HBr. 

By the_ further action of hydrobromic acid on each of the abov e bases methyl 
bromide is copiously evolved, and the following series of products formed • — 

(A) From bromotetracodeia . hromoteti amorphia, probably by the reaction — 

Bromotetracodeia. Bromotetramorphia. 

C,, 11,3 BrN, 0,, 4- 4HBr « iCU, Br -f 0,, BrN, 0,,. 
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(B) I'lom broinocodide . probably at first a lower liomologue broinomorpbide 
(not ;yet isolated), conveitod subsequently into hroviotetramoi'phta and aeoiy- 
moipUia by the reaction. 

Bromomorphide Deoxymorphia. ’Bromototramorphia. 

6C,, 11,3 + 4II, 0 = dUBr + II,, is^O, + C33 11,, BrN, (5,,. 

(C) From deoxycodeia : only blackened tarry substances, not fit for analysis j 
hence probably the deoxymorphia got in B is not formed fiom deoxycodeia pre- 
viously produced. 

Deoxymorphia and bromototramorphia much resemble in all their properties 
their homologues deoxycodeia and bromotetracodeia , the first gives crystalline 
salts, the second amorphous ones 

The constitutions of all the above liavo been veiified by analyses of the hydro- 
bromates, hydrochlorates, platinum salts, &c. In qualitative reactions, the deoxy- 
salts are identical with apomorphia salts 

On treating biomotetracodeia and bromototramorphia with excess of cold strong 
hydrochloric acid, dissolving in water, and fractionally piecipitating by strong 
hydrochloric acid, tlie biomine 111 these bases becomes replaced by chlorine, 
jueldini^ the following bodies, that much resemble in all their pioperties the cor- 
responding brominated salts — 

Chlorotetracodeia hydroclilorate C,, Cl N, 0,2, 4IIC1 
Chlorotetramoiphia hydiochlorate C,,^ II,, Cl Nj 0,2, 4IIC1. 

By digesting codeia for six hours at 100° Avith hjdrobromic acid, there was 
obtained a substance that gaA e numbers (after treatment with hydrochloric acid) 
intermediate between those required for the two last-named bodu'S This may 
have been only a mixture of these two , but it seems very probable that a senes of 
products should exist intermediate between these extremes, vu. — 

C,3 II„ B1N4 0,2 = Bromotetramorphia 
C33lI„BrN,0,2 

c„n„»N,0„ 

C,2 Il3,BiN, 0,2 = Bromotetracodeia 

C,^ II,. CIN, 0,2 = Chlorotetramorphia 

c;„H,; C1N,0,2 

(h„ 11^3 CIN, 0,2 = Chlorodicodeia-dimorphia 
Il„ C1N,0,2 

C,2 II3, CIN^ 0,2 = Chloiotetiacodeia 

Assuming that this substance was not a mixture, it might be tcimed chloio- 
dicodeia-dimorphia. 

Dr. Michael Foster finds that the tetiacodeia and tetiamoiphia compounds 
pioduce in adult cats a great excitement of the iierAOiis s\stem, and apparently 
paralyze the inhibitory libres of the nneumogastiic Apparently the morphia 
compounds are someAvhat moie potent tnan the codeia bodies in this case 

Deoxycodeia and deoxymoiphia salts produce in adult cats convulsions more 
epileptic in character than tetanic. No trace of emetic sa mptoms has been obsei ved 
with any of the salts of this class of bases, Avhich in pliASiological elfect, as 
well as chemical leactions, are almost indistinguishable the one from the other. 

This absence of emetic symptoms conclusively proves that apomorphia is not 
among the products of the action of hydrobromic acid on codeia From its known 
production from this base by the action of hydrochloric acid, as avcII as from the 
analytical numbers obtained, the formation of apomoi’phia has been previously 
looked upon as probable. 

By the action of hydi iodic acid containing 65 per cent. Ill on codeia in presence 
of phosphoius, a series of substances have been tbimed that present the composi- 
tions included in one or other of the two general formulm, 

4X-h«III±pII,0, 
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where X represents a base containing two atoms of hydrogen more than morphia 
(t.c. =s Ci 7 H 2 iNO,), and Y a base containing one atom of oxygen less than X 
(i.e, Simultaneously with the production of these substances, 

iodide of methyl, m quantity representing almost exactly of the carbon in the 
codeia used, is evol\ ed 

By allowing the action of 10 paits codeia, 30 of 55 per cent, liydnodic acid, and 
3 of phosphorus, to take place at lOO'’, a compound is produced separable from the 
viscid liquid resulting fiom the reaction by acldition of water, washing, and drying 
at 100°, and representing in constitution the formula 

4X + 6111 = 11,0 0,2, 4HL 

If, however, the reaction take place at a somewhat higher temperature, a similar 
body contaimug two molecules of water less is formed, 

4X + GUI - m, 0 = Co, 11,2 1. N, 0,0, 4111 , 

whilst if the mixture bo allowed to boil rapidly, so as to distil off most of the 
excess of liydnodic acid employed, and ultimately laise the boiling-point to 130° 
or upwards, the product contains four atoms of oxygen less than this last com- 
pound, bomg 

4Y -f GUI - 211, 0 = C„ IT,, I 2 N, 0„ 4III. 

Simultaneou'^ly with the^^c bodies much phosphorous and phosphoric acids aie 
produced 

On dissolving tlieso subj5taiices in liot water and cooling, there are obtained 
pioducts apparently ci^sGilline to the eye, but under the niicioscope consisting of 
coalesced globules only In tins way the following bodies have been obtained . — 

4X + 51U - 2 IT 2 O = C,, If,, IN, 0,0, 4HI 
4X4- 4111 - 211,0 = C,,II,o N, 0,0, 4111 
lY + 4III -h 21 0 = c;, II,, N, 0,0, 4111. 


The free bases of some of the foiegoing hydiiodates have also been obtained. 
They oxidi/o very ri'adily, forming oiaiige-eoloured substances that ultimately 
become black 

Finally, by the action of hvdnodic acid on the three bodies of the formula) last 
given, the elements ot III and also ot II 2 O are taken up , the following compounds 
having been thus obtained. 


4X + 7TII + 1011 , 0 = C„, 11,07 
4Y 4 7111+ HICO = Co, 11,03 
4Y + 511I+ 2ir,0 = Co,l+o 


I, N, O 22 , 


10 ) 


4III 

4111 

4III. 


The IljO thus taken up remains fiimly united to the body of the molecule, 
oxposiiie to a tempciature of 100° for days not diiving oil any water. 

In qualitative leactions, all those bodies are very similar alkalies throw d6wn 
a white piecipitato of vaiiable composition in the case of those bases which contain 
iodine united to the nioleculo of base. In aU c.'ises this white precipitate rapidly 
becomes yellow, orange, and tinally brown, oxygen being absorbed. In water and 
sodium caibonate these precipitates are but little soluble , in ammonia, and espe- 
cially caustic potash, readily soluble 

Oxidizing agents (c (/. nitiic ^cid) produce a bright vellovv or orange-yellow 
tint. 

In most of the above leaetions, this set of compounds differs much from those got 
by the action of hydrochloric and hydiobromic acids ; the fiee bases of these latter 
denvativ es having a tendency to become (// een by oxidation in the air, and yielding 
red or j)U7 pie coloiations with oxidizing agents. 

The codeia used in the expenmcuits above described formed pait of a large 
supply, exceeding twenty ounces, most liberally presented for the purpose by 
Messrs, J. F. Macfarlane and Co., of Edinburgh. 
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GEOIiOaY. 

Address by Abchibald Geikie, F.E.S., President of the Section, 

Instead of offering to the Geological Section of the British Association an 
opening Address on some special aspect or branch ot general Geology, I have 
thought that it might be more interesting, and perhaps e\ en more useful, if I were 
to lay before you an outline of the geology of the district in which we aie now 
assembled Accordingly, in the remarks which I am now about to make, I propose 
to sketch to you the broader features of the geological structure and history of 
Edinburgh and its neighbourhood, dwelling more especially on those parts which 
have more than a mere local interest, as illustrative of the general piiiiciples of 
our science. 

It would bo as unnecessary as it would be out of place heie to cite the long 
array of authors who have each added to our knowh'dge of the geology of this 
district, and many of them aUo, at the same time, to the bioad tuiulumental truths 
of geology And yet it would be strange to speak lune of the locks of Edinburgh 
without even a parsing tribute of gratitude to men like Hutton, Hall, .Tamieson, 
Hay Cunningham, llibbeit, Hugh Miller, Eleming, Milne Home, and our late 
esteemed and venerable associate, Charles Maclaren — mcui who hare made the 
rocks of Edinburgh familiar to geologists all over the world If, theiefore, I make 
no further allusion to these and other names,’' it is mutlier that I forget for a mo- 
ment their claims, nor that I now bung torwaid any new material of my own, but 
because I wish to be undci stood as dealing ith facts which, thanks to the labours of 
our preilecessois, have become pait ot the common stock of geological knowledge 

For the purpose of gaming as cleai an idea as inav be of the locks among which 
Edinburgh lies, and ot the way in wdiich they are giouped together, let us imagine 
ourselves placed on the battlements of the thistle, where, by \aiying our position, 
we may obtain a dear ■\iew of the countiy in eieiy direction foi many miles 
round To the south-east the honzon is bounded by a lange of high ground, 
rising as a long tableland above the lowland ot Midlothian 'I’hatisa poition of 
the wide Siluiian uplands of the south of Ecotland, foiining heie the chain of 
heights known as the Lammermuir and Mooifoot Hills Along most of its bomi- 
dary line, m this dislrnt, the Silurian tableland descends wnth tolerable rapidity 
towards the plain, being bounded on its north-west side w'ltli a long fault, by 
which the Carboniferous rocks are hiought down against the hills These tSiluiian 
rocks are the oldest strata of the district , and it is on then contoited and greatly 
denuded beds that the later lormations have been laid down 

Turning now to the south, w^e see the chain of heights known as the Pentland 
Hills, striking almost from the very subuibs ot Edinhuigh south-westwaid in the 
direction of the Siluiian uplands, which they eventually reac h m the county of 
Lanaik, This line of hills ll^es along an anticlinal axis by which the bioad Car- 
bonifeious tract of the Eothians is divided into two distinct portions The Pent- 
lands themselves consist, as 1 shall afterwards point out, chietly of locks ol Old lied 
Sandstone ago, but the anticlinal fold along which they rise is piolonged through 
the Braid Hills, and through the Caiboniferous ground by the Castle Itock of 
Edinburgh, even as far as the opposite shores of Fife From the Castle wo can 
readily follow with the eye the enects of this great dominant fold of the rocks. To 
the east, we mark how the strata dip away eastward from the axis of movement, 
as is shown in the escarpments of Salisbury Crag, Arthur’s Seat, and (Dalton Hill, 
while on the opposite or western side the escaipment of the wooded lull of Cors- 
torphine, facing towards us, points out the w’^estward dip Fioni the same stand- 
point we can even detect the passage of the arch into Fife, for the locks about 
Aberdour are seen dipping to the west, while eastward tln^y bend ov er and dip 
towards the east at luiighoin. 

Although the structure of the district is simple when the existence and position 
of this anticlinal axis is recognized, some little complication is introduced by a 
long powerful fault which flanks the axis on its south-eastern side. The eflect of 
this mult IS to throw out a great part of the lower division of the Caiboniferous 
formations, and to bring the Carboniferous Jnmestone series in some places close 
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against the Lower Old Eed Sandstone and its volcnnio rocks. Another result has 
been the extreme tilting of the strata, whereby the Limestone senes along the east 
side of the fault has been thrown on end, and e\ en in some parts bent back into a 
reveised dip. Hence, while on one side of the axis the Limestone senes is some- 
times only a few hundred yards distant from the Old Red Sandstone, on the oppo- 
site or north-west side the distance is fully eleven miles, the intervening space 
being there occupied by endless undulations of the lower divisions of the Carboni- 
ferous system Hence, too, the Millstone-grit and Coal-measures come in along 
the centio of the Midlothian basin a short way to the east of the Pentland axis, 
while on the west side they are not met with till wo reach the borders of Stirling- 
shiie and Jjinlitheow. 

Another remancable and readily obser\able feature is, that on the west side of 
the Pentland iidge the Caibonifeious foiniations, fiom almost their base up to the 
top of the Carboniferous Limestone senes, abound m contemporaneous volcanic 
rocks , while on the east side, beyond Ldinbiiigh and Arthur’s Seat, such rocks are 
absent until ^ve reach the Gailton Hills, to the north of Haddington, where they 
rcjmpear, but in a "very difleient type from that which they exhibit to the west. 

Let us now pass in re\ lew the dilterent geological formations which come into 
the district aiound us, beginning ivith the oldest and ascending through the others 
till wo leach the .supeilicial accumulations, and maik, in conclusion, how far the 
piesent surface-features are connected ■with geological stiuctuie 

[The author then described the ^alloua geological foiniations of Ihe district — 
Silurian, Old Red Sandstone, and Caibonifeious — dwelling m particular upon the 
history of volcanic action in that par t of Scotland On this subject he lemarked — ] 

Outline of the Ilidonj of Volcanic Action aiound JEdinbuii/h 

The oldest volcanoes of this part of Scotland were those which, during tlie time 
of the liOwer Old Red Sandstone, poured out the great sheets of poiphyrite and 
the showers of tuft' which now form the mam mass of the range of the Pentland 
HiUs. During the same long geological peiiod lolcamc action was life, as wo 
ha\e seen, along the whole of the bioad midland \ alley of Scotland, since to that 
time we must lefei the oiigm ot the Sidlaw and the Ochil HilD, pait of eastern 
l^ciwickshire, and the long line of uplands stretching from the Pentland Hills 
through Lanarkshne, and across Nithsdale, far into A\rshirc. 

Of \olcanic action, dining the lemaindei of the Old Red Sandstone period, there 
is aiound Edinburgh no tiace. Rut eaily in the following or Caibomferous period, 
the lolcano of Aithui’s Seat and Calton Hill came into existence, and threw out 
its tiny llo-ws of basalt and poiphjiite, and its showers of ashes From that time 
onwards, through nearly the whole of the intenal occupied by the deposition of 
the Caibonifeious J^imestone senes, the district to tlie west of Edinburgh was 
dotted over with small cones, usually of tuff, but sometimes emitting limited 
cun ents of different ba=alt rocks, more espeoally m the space between Bathgate 
and the Forth, %vhere a long bank, chiefly formed of such lar a-cuirents, was piled up 
over arid among the pools and shallows in which the limestones, sandstones, shales, 
and coal-seams were accumulated To the nortli, also, similar volcanic activity was 
shown 111 the Fife tracts nearest the Foith , while eastwards, between Haddington 
and Dunbar, there lay a distinct \olcanic focus, where great showers of red fel- 
spathic tuft and widespread sheets of porph>rite were ejected to form a bank over 
which the Carboniferous Limestone senes was at length tranquilly deposited 

Volcanic activity seems to have died out here before the close of the Carboni- 
ferous Limestone period. It remained cpiiescent during the deposition of the Mill- 
stone-grit and Coal-measures , at least no trace of any contemporaneous igneous 
ejection is found in any part of these formations The intrusive masses of various 
basalt rocks, which here intersect the older half of the Carboniferous system, are, 
in all probability, of Lower Carboiiifeious date, connected with the eruptions of 
the inter bedded volcanic rocks. The next proofs of volcanic action in this neigh- 
bourhood are furnished by the upper part ot Arthur’s 8eat. At that locality we 
discover that after more than 3000 feet of strata had been removed by denudation 
from the Pentland anticlinal fold so as to lay bare lire old Lower Carboniferous 
\olcanic rocks of Edinburgh, a new focus of eruption was formed, from which 
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were ejected the basalts and coarse apr^lomerates of the summit and shoulders of 
Arthur’s Seat. There is no trustwoitliy eiidcnce for h\nig the geological date of 
this eruption. Evidently, from the great denudation by which it was pieceded, 
it must belong to a much later peiiod than any of the Carboniferous eiuptions. 
Yet, from the great similarity of the Arthur’s Seat agglomerate, both m compo- 
sition and mode of occuireuce, to numeious necks ’ which use through all parts 
of the Carboniferous system between Nithsdale and Fife, and which I have shown 
to maik the position of volcanic orifices during Permian times, I am inclined to 
regard these later igneous rocks of bklmburgh as dating from the I’eimian period. 
Arthur’s Seat, howe\er, seems to ha^o been the only volcano in action during that 
period in this neighbouihood 

Theie still lemains for notice one further and final feature of tlie volcanic his- 
tory of this pait of Scotland. Rising indillcrently thiough any pait of the other 
rocKS, whethei aqueous or^igneoua, and inaiked by a singular uniformity of direction, 
there is a senes of basalt dvkes which deseives attention They have a general 
easteily and uesteily trend, and e\en wheie, as in Linlithgowshire, they traverse 
tracts of basalt -1 ocks, they preseive tlnur independence, and continue as leadily 
separable as when they are found inteisecting sandstones and shales These dykes 
belong to that extensive series which, lunning across a great pait of Scotland, the 
1101 th of England, and the north-east of Ireland, passes into, and is intimately con- 
nected with, the wide basaltic plateaux of Aiitiini and the Innei Ilebiides. They 
date, in fact, fiom Miocene times, and, fiom their numbers, their extent, and the 
distance to which they can be tiaced fiom the \olcanic centie of the north-west, 
they remain as a striking memoiial of the Mgom* of \olcanic action during the last 
period of its manifestation m this countiy. 

Glacial Phenomena 

To an eye accustomed to note the characteristic impress of ice-action upon a 
land-suiface, tho'neighbourhood of ]Mmburgh presents many featiiies of interest. 
It was upon Corstorphine Hill, on the western outslarfs of the city, tliat Sir James 
Hall first called attention to striated rock-surfices which, thougli eiioneously at- 
tributed to the abrasion produced by torrents of water, were even then recognized 
as trustworthy evidence of the last gieat geological changes that had passed over 
the suifacc of the countiy Even before wo come to look at the surface in detail, 
and note the .sliiation of its iock‘5, we cannot fail to lecogm/e the distinctively ice- 
woin aspect of the hills round Edinbuigh. Each of them is, m fact, a gieat toehe 
moidonnee, left in the path of the vast ice-sheet which passed acioss the laud. 
That this ice was of sufhcient depth and mass to oveiiide oven the highest lulls, 
is proved not nieiely by the general ice-worn surface of the landscape, but by the 
occuiience of characteiistic stinne on the summits of the Pentland Ilills, 1000 feet 
above the sea, that it came fiom the lliglilands, is indicated by the pebbles 
of giamte, giiei^^'’, schist, and quartz rock occuiiing in the older bouldei-clays 
Avliich it produced , and that, deflected by the nrash> of the southein uplands, the 
ice 111 the valley of the Lothians was forced to move seawmds, in a direction a little 
north of east, is shown by the trend of the stiite graven on the rocks, as at Cois- 
toiphine, (Jranton, Aitliui’s Seat, and Pentland Hills 

Connciwn of the csent foi m of the Smface tilth Geulof/ieal Stiuctuie. 

In concluding these outline'^, let me duect the attention of the Section to tho 
bearing which the geological structure of the distnct wherein wo aie now assem- 
bled has rmoii the broad and much canvassed question of the origin of land- 
surfaces. In tho fust place, vv^o cannot fail to bo struck with tlie evidence of 
enormous denudation which the rocks of the district have undergone Every for- 
mation, fiom the oldest to the latest, has sufleied, and the process of waste has 
been going on apparently from tlie earliest times Wo see that tho Lower Silu- 
rian rocks were upheaved and denuded befoie the time of the Low’er Old Red 
Sandstone, that tlie latter formation had undei gone enormous erosion before the 
beginning of tho Carboniferous period, that of the Carboniferous rocks, a thick- 
ness more than 3000 feet had been worn away fiom the site of Arthur’s Seat be- 
foie the last eruptions of that hiU, which are possibly as old as the Penman period 
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that still further and vaster denudation took place before the setting in of the Ice- 
age ; and finally, that the deposits of that age have since been to a largo extent 
removed. With the proofs, tlierefore, of such continued destruction, it would be 
vain to look for any aboriginal outline of the siiifdco, or hope to find any of the 
later but still early features of tlie landscape remaining permanent amid the sur- 
rounding waste. 

In the second place wo note that, in the midst of this gieatly denuded area, it 
is the harder locks which form the lulls and crags Those masses which in the 
long process of waste pic'^ented most lesistaiico to the puNvers of destruction, aie 
just those which, as we might expect, use into eminences, while those whose re- 
sistance was least sink into plains and valleys All the craggy heights which 
form so conspicuous a featme of Edinburgh and its neighbourhood, aie composed 
of haid igneous rocks, the undulating lowlands lie upon soft aqueous rocks 

In the third place, the coincidence of the position of hills and crags with the 
existence of ancient igneous rocks, cannot be misinterpreted by ascribing the pre- 
sence and foini of the hills to the outlines assumed by the igneous matenal ejected 
to the surface from below The lulls are not due to igneous upheaval at all, but 
can be shown to have been buried deep under subsequent acf uinulatioiis, to have 
been bent and biokeii with all the bendings and bieaks these latei forniations un- 
derwent, and to have been finally brought to light again only after a long cycle of 
denudation had lemoved the mass of lock under which they had been concealed. 
What 13 true of the hills of hldinbuigh, is true also of all the older volcanic districts 
o 1 Britain Even where the lulls consist of volcanic locks, their existence, as 
hills, can be proved to be one of tlie results not of upheaval but of denudation. 

In the fouith place, this distiict fuinishes an iiistiuctiv'o illustration of the in- 
fluence of faults upon the external coiitoui of a countiy. The faults heie do not 
form valleys On the contraiy, the valleys have been cut acioss them in innu- 
merable instances In the Dalkeith coai-field, for example, the valleys and la- 
vines of the river l^lsk tiaverse faults of IftO to m'arly 500 feet, yet theie is no in- 
equality at the surface, the whole ground having bc(*n planed down by denudation 
to one common level When, however, a fault bungs together rocks which differ 
much in their lelative powers of lesistance to waste, the side of the dislocation 
occupied by the harder locks will tend to form an eminence, while the opposite 
side, consisting of softer locks, will be worn down into a hollow or plain. Con- 
spicuous examples are furnished by the faults which, along the flanks of the Pent- 
land Hills, have brought down the comparativi'ly destructible sandstones and 
shales of the Caiboniferous series, against the much less easily destroyed porphy- 
ritos and conglomerates of the Old Bed 8andstone 

In fine, we leani here us elsewheie in oui country, and here more stiikingly 
than often elsewhere, on account of the varied geological stiuctuie of the dfstiict, 
that the present landscape has resulted fiom a long course of sculptunng, and that 
how mupfi soever that process may have been acceleiated oi retaided by underground 
movements, it is by the slow but irresistible action of ram and fiost, spiings, ice, 
and the sea, that out of the various geological formations among which Edinburgh 
lies, her picturesque outline of hill and vaUey, crag and ravine, has, step by step, 
been carved. 


The Yorkshire Lias and the Distribution of its Ammonites. 

By the Bev. J. E. Blake. 

The Lias of Yorkshire is exposed on the coast for a distance of about 30 miles, 
and owing to faults and undulations the series is repeated twice, one main area 
being to the north, the other to the south of Whitby , and there are two outlying 
patches, one of the highest beds at Peak, the other of the lowest beds at Bedcar. 

The basis of the description in this paper is the division into Ammonite zones, 
as by Oppel and others. 

1. Zone of Ammonites Jurensts . — These occur at Peak. The author has not found 
the characteristic Ammonite in situ, but recognizes the zone by its peculiar fauna. 
It appears to be divided into an upper and lower division. 
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2. Zone of Posidonia Brmnh. — This the author divides into several. 

а. Zone of Ain, hiftons . — Containing bands of cement stone. 

/3. Zone of Am communis — Constituting the alum-shale, and characterized 
throughout Leda ovum. 

y. Zone ot Posidonia Pronnii proper, which includes the jet-beaiing beds. 
Those form the Upper Lias 

3. Zone of Am spinafus — This consists of numerous ironstone bands, which 
form the workable beds of Yorkshire. 

4 Zone of yim mm f/aniatus — More micaceous beds 

These two zones aie not cleaily separable, both Ammonites being found m 
each. 

б. Zone of Am Davcei — This Ammonite is very rare, if found at all, in Yorkshire, 
and the zone is more characterized by Am capi icornus 

6. Zone of Am Iher. — This form is now recognized for the first time in Yorkshire, 
but the associated Ammonites, Hodetji and Jimb) latus, form a well-marked zone. 

7. ZoneofArw Jamesoni — The true form only found in sifw north of Whitby , but 
the allied hicvispina is highly characteristic of the beds, which are very fossiliferous. 

8. Zone of Am m mntus — This is well icprescnted , the Pinna folium is conter- 
minous with the two last zones, which end the Middle Lias 

The last four zones are similar in lithological chaiacter, being shaly beds with 
scattered dogger bands 

The zones below this are only seen at Robin Hood’s Bay and Redcar 

9. Zone of Am. lancostatus — This is well developed m micaceous shaly beds, 
indurated at the top, which is the chaiacter also of all the succeeding zones. 

10. Zone of Am oxynotHS — Also well developed, containing a strong limestone 
band 

11. Zone of Am Tuniei t — Is only found on the shore. 

12 Zone of Am ohtusus — Seen at Beak. 

13. Zone of Ani Jiucklandi — Forms the lowest beds seen at Robin Hood’s Bay, 
and the highest at Redcar They do not contain limestone as elsewhere. An 
ichthyosaur has been found in these, such having been hillierto only announced 
from the Uppei Lias in Yoik'shire 

11 Zone of A/n anyulntus — Tins is lepiesented by thin shaly beds at Redcar, 
wheie this Ammonite is abundant, and also by a limestone-bed near Maiket 
Weighton, at whu li latter place it contains a new and vaiied fauna 

13 Zone of Am planot bib — Hitherto only washed up from the sea m fragments 
Its beds have now been discoveicd near Market Weighton, where they contain 
numerous foiaminifeia. In this locality the oyster-bands and white lias are reached, 
but not the bone-bed. 

The lithological chaiacter and the position of all these zones were desciibcd 
in the paper. 

List of Ammonites in the Authoi's Cabinet ftom the seveial Zones 

Those marked B have not been found in situ, but their belonging to the zone is 
almost certain, those maiked^i probably belong to the zone. 


Zone of Ammonites Jurensis. 

Ammonites Aulensis (Ziet ) 

stridtulus ( Sow ) 

compactilis (Simp ) ) 

loot us (Simp ) 

P Jurensis(Zzc?‘ ) =gubeinator(i?(’«?i) 

P variabihs (B' Orb ) = Bcami (Simp ) 

— obliquatus (Simp ) 

p fdbalis (Simp) )=£scheri (Haucr)"^ 

Zone of Ammonites hifrons 
Ammonites bifrons (Bruy )=Walcottii 
(Sow ) 

Levisoni (S/w^.) = Sa'nianm (Opp ). 

heterophyllus (Y ^ B ) 


Ammonites ernssus (F (^* B ) = Raquinia 
nus (B' Orb ) 

Lytliensis (F ^7? ) 

Mulgravius ( F. ^ B) 

Zone of Ammonites communis. 

Ammonites communis (Sow ). 

dehcatus (Simp ) 

— - Braunianus (B' Orb ) 

Mulgravius (Y.ScB). 

From one or other of the above zones. 

Ammonites Eseri ( Oppcl). 

Desplacei (B'Orb ) 

— — fibulatus ( F. R.) 
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Ammonites Andrea? {Stmp ). 

crassifactus {Simp.') 

crassescens {Smp ) varieties of 

vortex {Simp ) [ crassus. 

fonticulus {Swip. 

Zone of Posidonia Bronnii 

Ammonites Mulgravius ( 1'. <$' B ) 

- — - serpentinus {Sc/t / ). 

ovatus ( F. ^ B ). 

— — elegans {Srm ) 

■ exaratus {V ^ B ). 

AtUen&is (Zzr^* )=rugatulus {Smp ) 

— — concavus {Sow ) 

delicatus {Smp ). 

annulatus {Sow ) 

heterophyllus {Y cj B.) 

seniicelatus {Simp). 

attenuatns (Simp ) 

Easingtonensis (Simp ) 

p subcannatua {Y B ) 

p subconcaviis {Y 4" ^ ) 

p latescens {Smp ) 

Zone of Ammonites spiuatus 
Ammonites spinatus {Bmg ) Common 

margaritatus {Schl ) Rare 

•— conjunctivas (^Simp ) =spincllii, 
{Hau ) 

reticularis {Simp.) (=Engelhardtii, 

B'Orb)?? 

p lenticularis {Y. 2?) = coynarti 

{jyChb) 

Zone of Ammonites mm gar it at us 
Ammonites margaritatus (Schl) Com- 
mon. 

• spinatus {Brvg ) Very scarce. 

■ nitescens {Y 4' ^ ) = 8talili {Opp ) 

n sp , No 1 

p n sp , No 2. 

Zone of Ammonites eaprieoi nn% 
Ammonites capricornus (<S(/i/) = macuU- 
tus(r 4-B) 

arogerens {Vh ) 

P curvicornis {Sctihnb ). 

P subarmatus ( F 4f 

Zone of Ammonites Ilenleyi 

Ammonites Ilenleyi {Sow ). 

fimbriatus (^Sbw ) ^ 

P Davidsom {1/ Orb )=:lajvigatu8 

{Sow )=nitidu8 {Y. 4 ) ? 

P ibex ) 

Zone of Ammonites Jamesoni. 

Ammonites Jamesoni {Sow ) 

- — brevispina {Sow ) 

caprarius {Qu = aureus {Simp ) 

venustulus {Bum ) 

natrix ( ScAl ). 

lynx (J?’ Orb ^=lens {Simp ) 


Ammonites jiolymorphus {Qu ) = trivialis 
{Simp ) 

Denny 1 (Nmp ) = heterophyllus 

numismalis (Qu.) 

aculeatus {Simp ). 

Zone of Ammonites armatus. 

Ammonites armatus {Sow ) 

cornutus {Simp ) = Taylori costatus 

{Qi(-) 

— — Taylon {Sow ). 

submuticus {Bum non Opp ). 

■ Macdonnellii {Portl ) 

tubollus = miBerabili8 (Qu). 

tardicrescens {Hauer). 

n sp , No J 

Zone of Ammonites rancostatus. 

Ammonites raricostatus {Ziet ) 

densinodus ( Qu ) 

subplan icosta (Opp.) 

Zone of Ammonites oa.i/notus 

Ammonites oxynotus (Qu ). 

Simpsoni (S/mp) 

— — gagateus ( F. B ) 

'Zone of Ammonites obtusus. 

Ammonites obtusus {Sow ). 

stellaris {Sow ) 

planicosta {Sow ) 

Ziphus (Ziet ) 

n sp. No 4 

n sp No 5 

p Scipionanus {B'Orh ) 

Zone of Ammonites Turneii 

Ammonites Turncri {Sow ) 

geometneus ( Opp ) 

Youngi {Sini]) ) 

P impendens ( 1’’. cf i>) = ro\vleii 

{BucAm ) 

P tenellus(‘S'iW2> ) = denotatus( ) 

Zone of Ammonites BucUandi. 

Ammonites Bucklandi {Sow ) 

P Cony bean {Sow ) 

bisulcatus {Bi ug ) 

spmanes {Qu ) 

semicostatus ( F Af ^) — Ilartmanni 

Sauzeanus (B'Orh) =transforma- 

tus (Simp ) 

• Birchii (Sow.). 

ditTormis (Emm ) 

compressaries ( Qu ) 

• multicostatus (Sou ) 

Inf) alias 

Ammonites angulatus (Sthl). 

— — Johnstoni (Sow ) = p8ilonotusplica- 
tus (Qu ). 

planorbis (Sow ). 
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On the Silurian Bodes of the South of Scotland. By D. J. Brown. 

This paper was illustrated by a map and section, also specimens of rocks and 
fossils. 

In a section drawn fioin Moffat Water in Dumfriesshire to Kilbuchoin Peeble- 
shire, we have, first, the Moffat rocks, which consist of hard blue ynt {Gray'- 
icacke) and shale These are accompanied by beds of anthracite and black shale 
containing Giaptolites, on leaving Moffat Water, we first meet anthracite beds, 
then a senes of gut and shale ; this older is repeated six times The last time we 
see anthracite beds is at Ilolnies-water-head, where we find them plunging under 
the limestone and conglomerate of Wrae and Glencotho, over the whole length 
of the section fiom Moffat Water to Holmes Water. Tlie beds stand at a high 
angle, and have an almost uniform northernly dip. From Holmes Water to Kil- 
bucho the rocks are of a more diversified character. We have first a coarse angular 
conglomerate, then a bed of limestone with fossils, mostly of a Cai*adoc type ; next 
a series of beds of slate, shale, and grit , these beds come up again at itilbucho. 
After Holmes Water we have no longer the uniform northernly dip, but the beds 
undulate, and in one section are seen to form regular waves. 

These beds all along the line of the section, from the river Tweed to Kilbucho, 
are given in the Government Geological Map of Peebleshire as one series of Llan- 
deilo age. The author is of opinion tliat they form two senes — a lower Moffat or 
Llandeilo, and an upper or Caradoc series that lies unconformable upon the lower. 

The author has come to the conclusion that the two senes are unconformable • — 
First because we find the anthracite beds at a high angle plunging under the limestone 
and Conglomerate of Glencotho and Wrae at Holmes-water-head, and emerging at 
the same angle in the Moor-foot Hills .Second, because we find these upper rocks 
everywhere underlaid by a bed of coarse angular Conglomerate,* and this conglomerate 
is found in fragments, and nowhere in situ, in the neighbourhood of Mollat, which 
is on the opposite watershed, being, as the author thinks, fragments of the lower 
rocks left in the process of denudation. Third, this Conglomerate is found to con- 
tain numerous fragments of anthracitic shale containing G) aptohtes belonging to 
lower beds, proving that the lower rocks were consolidated, and then torn into frag- 
ments before the upper locks were laid down. 


On the Upper Siluiian Jtodcs of the Pentland Hills and Lesmahago. 

By D. J. Brown. 

This paper was illustiated by a map and two sections. 

In a paper published in tlie Tiansactions of the Edinburgh Geological .Society, 
vol 1 , written by Mr Ilondeison and the author, it was shown that in the North Esk 
section of the Pentland Hills there is a very peifect Wcnlock fauna, and that it is 
only towaids the top of the section that the Ludlow species come in ; it was further 
shown, fiom Siluiian fossils collected from the Red Conglomerate lymg at the 
top of the section, that these Red Conglonieiates were not a part of the Lower 
Old Red Sandstone, but a continuation of the Silurian, and that the whole Silurian 
rocks in the Lyne water form a continuous section above them In the district 
of Lesmahago the Upper Silurians are said to foim a continuous senes with the 
Lower Old Red .Sandstone that lies above them In “ Memoir 32, Geological Sur- 
vey of Scotland,” the same phenomena are said to occur in the Pentlands, and Mr. 
Salter draws a parallel between these beds and those of Lesmahago , but from this 
comparison he omits the section in the Lyne water, which foims a continuous series 
above the Red Rocks, said to be Old Red Sandstone, so that these Old Red Sand- 
stone beds of the Government Surv^ he nght in the centre of the continuous sec- 
tion of Upper Silurian, and contain Upper .Silunan fossils. As it is only towards 
the top of the North Esk section that we find any fossils belonging to the Lesma- 
hago beds, and they differ from them very much in their lithological character, the 
author is of opinion that these beds are not the equivalent of the Lesmahago beds 
but that these latter form an upper series overlying the Pentland beds. 
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Geological Notes on the Noursoah Peninsula and Disco Island in North 
Greenland. By Robert Brown, M.A., Fh.D., F.li.O.S , 

The geology of Greenland has been partially investigated, so far aa the west coast 
is concerned, oy Giesecke, Pingel, Kmlc, and to some extent by Inglefield, Suther- 
land, Kane^ Hayes, and the late Mr Olrik, so many years Insnector of North Green- 
land and Director of the Kgl. Gronlandske Handel in Copennagen. More recently 
the author and his companions made sections and collected fossils from the vicinity 
of the localities named , and this paper was an account of the geological results of 
this voyage, made in 1867 Since then several Swedish naturalists have visited 
the country, and the German Expedition to East Gieenland has added to our know- 
ledge of the geology and teitiary flora of East Greenland The formations found 
in Greenland are — 

(1) Punntive t ocl9, chiefly syenite, granitic, 'and various gneissose rocks, very 
widely distributed, reaching in some places to a height of 4000 feet or more. In 
this formation are found the chief economic minerals of Greenland, kryolite, soap- 
stone, &c. 

(2) “ The Bed Smuhtone of IgalliKo Fjoi r/,” probably Devonian, but only a patch, 
now being rapidly destroyed by the sea. 

(3) Mesozoic rocks • only a patch in the vicinity of Omcnak, most probably 
cretaceous. 

(4) Miocene' confined entirely to the vicinity of the Waigatz Strait and part 
of Omenak Ejord, on the west coast, though most probably it once extended nght 
over Greenland in that line, though now either destroyed or overlain by the great 
interior ice. It makes its appearance on the east coast, and is also found in 
Spitzbergen. 

The next portion of Dr Brown’s paper was occupied in describing in detail the 
Miocene bods and sections seen at various places , the whole concluding with a 
criticism of the conclusions of Professor Heei, of Zurich, who had described the 
plants discovered by Dr Brown and others, and in gi'vnig -what he considered was 
a just view of the results which the palaeontologist might logically deduce from the 
facts already observed. After giving some account of Greenland coal, its structure, 
chemical composition, and economic value, he furnished a list of the animal- ana 
plant-remains already found in the Miocene and (hetaceous beds in Greenland, and 
indicated what points remain still to be mvoAigated Chief among these ho in- 
stanced the Mesozoic deposits already mentioned As the Asso( lation had already 
voted a sum of money for this purpose, he thought that it it was judiciously ex- 
pended through means of some of tJio well-educated and intelligent Danish officers 
resident in Greenland, who were accustomed to such woik, good results might be 
accomplished. 

Note on certain Fossils ft oin the Diiriiie Limestone, N.}V. Sutherland, 

By Dr. Bryce, F R . S . E . 


On the Vegetable Contents of Masses of Limestone occurring in Trappean 
B'Oeks in Fifeshire, and the conditions under which they are preserved. By 
Carrethers, F.R.S. 

The shore to the east of Kingswood End is strewn with large fragments of a 
limestone which IMr G. Grieve, of Burntisland, detected to be filled with vege- 
table remains. This limestone was traced by Mr Grieve to the cliffs abo\ e, where 
he found it enclosed in the centre of the trappean tuff’ Having received from 
him several specimens, the author recently spent some time, in company with Prof. 
Morris, in investigating this important discovery of Mr Grieve, under his direction. 
The specimens occur in angular masses in the volcanic ash, and aie fragments of 
beds existing before the formation of the bed of ash. At Elie fragments of 
coniferous wood abound in a similar bed, and there, as at Kingswood End, the ash 
contains numerous fragments of shale, limestone, sandstone, &c. The author 
believed that the plant-remains had been enclosed in the form of peat, from a 
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surface bed, where the coal-plants were growing when the ash was thrown out of 
the volcano, the lime abounding in the bed, and which tills the numerous amj'g- 
daloidal cavities of the rock, having speedily seized and fixed them, preserving all 
the details of the tissue The plants are stems, fruits and leaves of carboniferous 
plants, and innumerable roots penetrate the mass in every diiection. The characters 
of these plants are beautifully shown on the shore fiagments, wliiqli are polished 
by blown sand At this place the great power of air-dnvcn sand is very evident 
on the black basalt, which is all smoothed and almost glazed on its western 
aspect The author believed that the continuous bed of limestone containing 
vegetables, above Kingswood End, was different from the blocks on the shore and 
those in the trappean ash, because of the different mineral conditions and organic 
contents. 


On the General Conditions of the Glacial Epoch ; with Suf/pcstions on the 
formation of Lale-hasins. Bi/ John CuimY. 

Tlie paper contains a detailed topographical account of glacial drift in the north 
of England, fiom which the author passes on to discuss the geneial conditions of 
the glacial epoch Increase and diminution of a polar ice-cap is the cause, in the 
author’s judgment, ot the movements of subsidence and elevation of sea-level of 
the glacial period. lie maintains that the submeiged forests of many parts of the 
coast have been preserved by being imbedded in a sheet of ice. Remarks on the 
origin of lake-basins follow The author cites evidence to show the power of ice 
and d^biis to dam up sti earns, and bases his conclusions largely upon facts quoted 
from Mr. Jamieson’s paper in vol i of the Geological Journal, 


On the General Geoloijp of Queensland. Bi/ R Daintree. 

This paper was illustrated by a senes of photographs, a number of fossils and 
rock specimens had been collected by tlu' author, nut they weii', unfortunately, 
all lost in the wreck of the ‘ Queen of the Thames ’ The author recognized in 
Queensland metamorphic and igneous rocks, and the equnalonG, to some extent, 
of our Silurian, Devonian, Carboniferous, Liassic (^), Oolitic, and Cietaceous for- 
mations A still higher senes of sandstones occurred, but their precise ago had 
not yet been detfumiiied Alluvial deposits fnnged all the water-courses, and had 
yielded remains of extinct luaisupials It was in those alluvial deposits that the 
miner met with his ( hiet supply of free ” gold In tlio beds which Mr. Daintree 
refers with doubt to the Lius, coal-si'ams of \aiied quality occur They are only 
employed foi local pin poses, and no attempt has yet been made to ascertain their 
number and relatue position This coal-field occupies a ceitain district in the 
south of Queensland, but another coal-field, belonging to the Carboniterous for- 
tnation, is met with in the north None of the coals there have been worked, 
owing to the want of railway communication In the passage-beda between the 
Carboniferous and De\onian formation.s, auriferous lodes occur, all the mineral 
veins of the country appearing either iii Upper Ralneozoic or Metamorphic 
rocks. .Copper and lead-ore also abound The author believes there is a close 
connexion beti\ een the occurrence of leinsandtho appeaianco of Trappean dis- 
turbance. 


The Relation of the QuaUrnary Mammalia to the Glacial Period. 

By W. Boyd Dawkins, EPS. 

The animals fell naturally into five distinct groups, the first of which comprises 
those now living in the temperate regions of Europe and America, including the 
Giizzly Bear, the Lynx, the Bison, and the Wild Boar, and binds the Quater- 
nary to the present fauna The second group comprises those animals which are 
now continea to cold regions, such as the Glutton, Reindeer, Musk Sheep, and 
the Tailless Ilaie , they constitute the Aictic division of Quaternary Mammalia, 
and imply a cold climate. The third group consists of those animals which are 
now only found in hot regions, the Ilytena and Hippopotamus 5 and they indicated 
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a hot climate. The only mode of getting over this discrepancy is to suppose that 
in those days the winter cold was very severe, and the summer heat intense, so 
that m the summer time the animals, now found in warmer regions, migrated north- 
wards, and in the winter time those now found in the Arctic regions went south- 
wards. The fourth group consists of such extinct forms 'as the Cave Bear, the 
Stag, the Mammoth, and the Woollv llhinoceros. The fifth ^oup includes the 
Sabre-toofelied Tiger, the Irish Elk, Ithinocoos 7neyaihinus and J? hemitcechiiSf and 
they, with, some others, show that there is no great break between the Quaternary 
and the Pliocene, such as would warrant any sharply defined division of great 
value. The interest centered more particularly in the Aictic group ; and so far as 
the evidence went, it seemed to bo extremely probable that they were m occupa- 
tion of the areas in Great Britain in which they were founcl during the time 
the other areas, in which they weie not found, v/ero coveied with glaciers , and 
this period may be put down to that of the latest sojourn of the glaciers in the 
highest grounds of our islands, and even so far south as the districts of Auvergne 
and Dauphin^. 

On the Progress of the Geological Survey in Scotland. By Prof. Geikie, F 11 S. 

When the British Association last met in Scotland, I had the honour of bringing 
before this Section a report upon the progress of the Geological Survey, from the 
time of its commencement here in 1854 by Professor Ilamsay, under the direction of 
the late Sir Henry Be la Beche, up to the year 1807, under the supervision of the 
present Director, Sir Ilodonck Murchison. During the four years which have since 
elapsed, considerable advance has been made in the survey of the southern half of 
Scotland ; and I propose now, with the sanction of Sir llodenck, to present to you 
a brief outline of what has been done, and of the present state of the Sur^ ey. 

At the time of my previous report lather moie than 3000 square miles had been 
surveyed Since then we have completed 2700 squaie miles additional, making a 
total area of neaily 0000 square miles Of this area 3175 square miles have been 
published on the one-mch scale, and three sheets, representing in all 032 square 
miles, aie now in course of being engraved The whole country is surveyed upon 
the Ordnance Maps on the scale of six inches to a mile, and from these field-maps 
the work is reduced to the one-inch scale, which is the scale adopted for the gene- 
ral Geological Map of the country In addition to that general map, however, 
maps on tlie larger or .<«ix-inch are published of all imneial tracts. In this way 
five sheets of the six-inch maps ha\ e now been published, embracing the whole of 
the coal-fields of Fife, Haddingtonshire, and Edinburghshire, with a large poition 
of the coal-fields of Lanarkshire, Renfrewshire, Ayrshire, and Dumfriesshiio. 

The area over which the field-work of the Survey has extended lies between the 
mouths of the Firths of Tay, Forth, Cl>de, and Solway, eastwards to the borders 
of Roxburghshire and the mouth of the Tweed It includes the counties of Fife, 
Kinross, the Lothians, Lanark, Renfrew, Peebles, Ayr, Wigton, Kiikcudbright, 
Dumfries, and Selkirk, with parts of Stirling, Dumbarton, and Perth 

Of the geological formations examined, the Lower Silurian rocks of the southern 
uplands cover a considerable space upon the published maps. Until three years 
ago the mapping of these rocks continued to be most unsatisfnctory, owing to the 
want of any continuous recogiiizable section from which the order of succession 
among the strata could be ascertained, and to the gieat scarcity of organic remains. 
Our more recent work among the Leadhills, howe\er, has at last given us the means 
of unravelling, as we hope, the physical structure and stratigraphical relations of 
the uplands of the south of Scotland. The rocks there are capable of division into 
several well-marked groups of strata, characterized by distinct assemblages of fos- 
sils. We have a lower oi Llandeilo series, with a suite of graptolites, and forming 
probably an upper part of the Moffat group, and a higher or Caradoc set of beds, 
with a considerable assemblage of distinctu e fossils This higher group we be- 
lieve to be on the same general horizon as the limestones of Wiae and Kilbucho in 
Peeblesshire. 

The Lower Old Red Sandstone has now been mapped completely over the whole 
of its extent between Edinburgh and the south of Ayrshire. Fossils have only 
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been met witli nt one locality in the latter county, where Cephalasjns occurs. 
The most characteristic feature of the formation is the enormous development of 
its interbedded volcanic rocks. Between Edinburgh and Lanarkshire, also, there 
occurs in this formation a local but violent unconiormabihty, connected probably 
with some phase of the contemporaneous volcanic activity ot the region. 

Most of the detailed work of the Survey has lam upon Caibonifeious rocks. In 
the lowest formations of this system, known as the Calciferous Sandstones, the 
Survey has now been able to trace a twofold division completely across the coun- 
tiy, from sea to sea, \iz. a lowei group of red sandstones, and a higher group of 
white sandstones, green, grey, and daik shales, cement-stones, limestones, and occa- 
sional coal-seams. All these strata lie beneath the true Caibonifero us Limestone. 
They are becoming daily more important from their containing in some places 
highly bituminous shales, from which paraffin oil can be made. The Carboniferous 
Limestone series, with its valuable coals and ironstones, has been mapped, and m 
great part published, for the eastern and south-western coal-fields , and this is also 
the case with the Coal-measures. INlucli additional information has been obtained 


regarding the development of \ olcanic action m central Scotland during the Car- 
boniferous period 

The Permian basins of Ayrshire and Thornhill have been surveyed and in great 
part published Much fresh light has m the course of this Survey been thrown on 
the interesting Permian volcanoes of the south-west of Scotland. 

Attention has been continuously given to the superficial accumulations. These 
are now mapped m as great detail as the rocks underneath, and plans are being 
pr^ared with the view to an issue of maps of the suifact' geology 

By a recent order of the ])iie(*toi-(TOiieial, each one-iiicli map is now accompa- 
nied at the time of its publication, oi as soon thereafter as possible, with an expla- 
natory pamphlet, in ^^hlch tlio form of the ground, geologicnl formations, fossils, 
rocks, faults, and economic minerals are briefly described, and such further infor- 
mation given as seems necessary for the proper elucidation of the map These 

{ lamphlets are sold at a uniform puce of dr/ Detailed vertical sections are pub- 
ished for each coal-field For the construction of these sections, locorcfs of 
boiing operations aie piocured and recorded m the register-books of the Survey. 
Since 1807 more than .‘112,200 ft'et of such boiings have iii this way been entered 
in oui books Sheets of horizontal si'ctions on a large scale are likewise issued to 
form, with the maps and explanations, a compendium of the geological structure 
of each large district. 

Another feature of the work of the Survey is the collection of specimens of the 
rocks and fossils of each tiact of countiy as it is suiveyed. Since mv preiious 
Report to this Section of the Biitish Association, we ha\(‘ collected 1011 speci- 
mens of rocks, and 7500 fo'.sils These are named and exhibited, as fai as the 
present accommodation will permit, in the Museum of Science and Ait at Edni- 
Durgh 

The woik of the Geological Survey is cairied on, as I have said, under the guid- 
ance of its Diiectoi-Geneial, Sir Rocferick Murchison, a name xsliich has long been 
a household woid at the meetings of the Biitish Association, and one to which I 
am sure you will permit me to make on this occa'>ion moiethan a passing lefereiice 
While the Survey advances, as I have 8ho^vn, steadily ovtu the face of the countiy, 
unravelling piece by piece the complicated details of its geological stiucture, to 
Sir Rodeiick belonps the lare merit of ha\ing himself led the way, by sketching 
for us, boldly and cleaily, the relations of the older rocks over moie than half of 
the kingdom. Much must undoubtedly lemain for futuie investigation, but his out- 
line of the grand essential features of Highland geology will evei remain as a monu- 
ment of his powers of close yet rapid observation and sagacious inference. At om* 
time I had hoped that the (Jhair of this Section might be filled by him, and tliat 
we should bo permitted to listen anew to his expositions of the rocks of his native 
country. There is no one among us who does not regiet the absence of the fami- 
liar face and voice of the veteran of Siluna. AVe meet once more on Scottish 
ground, and for the hist time wo have not here with us the man who has laid a 
deeper, broader impress on Scottish geology than any other geologist either of past 
generations or of this. There is, however, on the present occasion, a special cause 
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for regret. Only ■within the last few months he founded a Chair of Geology in the 
University ■within whose walls we are now assembled — the first and only chair of 
the kind in Scotland. It would have been a fitting and grateful duty on the part 
of the University to welcome one of its most distinguished benefactors. I am 
well aware, indeed, that this Section-room is no place for the obtrusion of personal 
sentiments ; yet I would fain bo allowed to add in conclusion an expression of my 
o'wn deep regret at the recent illness and consequent absence of one to whom, over 
and above the admiration which we all feel for his life-long labours and his per- 
sonal character, many years of friendly intei course have bound mo by the closest 
ties of affection. 


Fossil if ei’ous Strata at LocJieml near Edinhimjli By D. Gkteve. 

The strata to winch this notice refeis arc situated on the cast side of the Loch, 
and appear m the Trap precipice, on which stand the luins of the ancient Keep of 
the Logans of Kestalng. Although it was conjectured, it was not known, until 
Mr. Grieve found distinctive fossils m these strata, that the Caiboniferous foma- 
tion, so largely spread ovei the site of Edinburgh and its neighbouihood, extended 
80 far to the eastward , and it would now appear that tho^^e form a continuity of 
the strata and shales found some years ago on the north side of the Calton llill. 
They are of the Lower Carboniferous formation, and seem to be equivalents of the 
sandstones and shales of Burdiehouse on the south, and Wardie and Granton on 
the north and west of Edinburgh. 

The fossils found by j\Ir Giieve at Lochend ho enumerates as follows — Of 
Plants, Calaniites of a large and well-maiked species, a Lepidodendion and Lepi- 
dophylluni, ■w ith various Sphenopterites Of h islies, a boautiftil specimen of the 
genus Balcco^uscu ^ , also scales, teeth, spines, and coprolites. Lastly, a Crustacean, 
Cyprts Scoto But dtyalensis, or of an allied species. 

It IS to be regretted that the quairy from which the above fossils were obtained 
has now been ^hterated m the course of agiicultiiral impro\ emonts. 


On the position of Organic Remains near Burntisland. By G. J. Grieve. 


On ^^Tlie Boidder Drift and Esher IhlU of Ireland,'” and On the position of 

Erratic Blocls m the Country ” By Sir IIictiari) Griffith, Bat t., F.R.S. 

Sir Richard commenced by giving a short description of his geological map, and 
mentioned that the direction of the mountain-ranges generally, as well as the stnke 
of the strata, ranged from north-west to south-east. He stated that the position 
of Ireland with respect to Euiope was further to the west into the Atlantic Ocean, 
and that on the west side were numerous deep bays, guarded by promontoiies 
composed df hard rocks, while on the east side the coast was only slightly indented 
on any part. lie mentioned that the coast of Ireland all lound was composed of 
mountains, while the interior was nearly flat, and that the rock of that plain was 
altogether composed of Carboniferous limestone lie stated that a Imo drawn from 
Sligo Bay on the west to Drogheda Bay on the east, would form the northern 
boundary of the great plain, while the southern boundary might be shown by a 
line drawn from Galway Bay on the west to Dublin Bay on the east, comprehend- 
ing an area of 5000 square miles. This large district was divided into nearly two 
equal parts by the river Shannon, whose source was near Lough Allen, m the 
county of Cavan, elevated IGO feet above the level of the sea, while the length of 
its course to the sea, at Limenck, was 140 miles, giving an average fall of 1 foot 
2 inches in a mile ; and he further stated that this fall was not equally dis- 
tributed, as between Limerick and Kildare, a distance of 12 miles, was a fall of 
98 feet, sho'wmg that from the distance of 128 miles between Lough Allen and 
Killaloe, there was an average fall of less than G inches in a mile The ^eat 
centre plain, already describea as containing 6000 square miles, contained 1,000,000 
acres of bogs, each of which was surrounded by drift resting on the top of the 
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Carboniferous limestone, and it usually presented an undulating surface •which 
occasionally affected the form of elongated elliptical hills, which usually ran 
parallel to each other. This fact was especially exemplified by Clew Bay, situated 
on the west coast, in which weie upwards of fiOO islands, the surface of which 
was composed of boulder-dnft i eating on C^aiboniferous liniesione. lie mentioned 
that at least on the (‘astern the boulder drift had a thickness of about 100 feet, but 
probably was much thicker towards the west. lie desciibed the boulder-dnft as 
composed of a base of sandy or gravelly clay, which contained numerous rolled 
masses, huddled together m a confused manner without reference to si7e, and that 
their dimensions ranged between those of a small egg and two or three cubic feet in 
diameter. He next adverted to those remarkable ranges of hill, which varied m height 
above the surface of the boulder-drift from twenty to sixty feet, the ascent being 
usually about thirty degrees on the west side, but less sti'op on the east. These 
Esker bills wn'ro verv numerous in the midland plain, espccuillv m the counties of 
Mayo, Gal wav, and Itosconmion, on the west side of tlu' Hliannon, and of the King’s 
County and Westmeath on the cast Their general diicetion was from west to 
cast, and one gieat Esker, which extended fioin west to east fiom the county of 
Galway to Westnieatli, was used as the post load fiom Dublin to Galway, lor a 
length of 30 miles. This gieat Esker crossed the ri\ei Shannon at Atlilone, and 
was subseciuently cut thiough by it, exhibiting a gieat shoal at the present time, 
on which tne old bridge of Athlone was built On the western side, about 50 feet 
above the river, an ancient foit had been cnected to defend the passage, and this 
fort still remained m peifect presc'ivation. The town of Athlone was also built 
on the east side of it, and extended from thence lU'arly 30 miles Eifteen miles to 
the south of Athlone, the river Shannon was ciossed again bv another Esker, also 
lunmiig' from wc'st to east, and in this place the Esker prc'seiited very steep 
acclnities on either side lie last desciibcxl a leii leniaikablo I'lsker called the 

lloiseshoe,” fiom its foini, the noith aim of which lunning eastward extended 
for 10 miles, whilst the southein extended 8 miles, leaving an opening of 8 miles, 
with the town of Clara m the centre'. The slope's of these hois('slioe Eskers on 
the west side were steep, IniMiig an angle of about 3(P, while on the outer side tho 
slope was only fiom 10 to ]b°. Having nu'ntioned that m many cases Eskers 
weie obsei'-ved, particulaily to the west of Athlone, having a noith and south 
direction, he ga\e it as his opinion that thi' hPkeis weie deposited on the top of 
the bouldei-diift at a subscc^^uent peiiod, and that tho inateiials, which were 
similar to the bouldcr-diift, with the exc'eption of the admixtuie of sandy clay 
matter, weie depo'^ited from currents and wa^es in a shallow tioubled sea, and 
possibly did not owe then oxistenco to glacial action 8ii Dichaid next directed 
the attention of the Section to the occuiienee of laigo I'liatic blocks, totally uncon- 
nected with the giaxel, ^\hich were found lesting on the suiface thioughout the 
entire distiict, fiom Galway Day in an eastern and soulhein diiection, passing over 
the summits of tho Slie\ e-blooni mountains, neai llo-^doa, and extending from 
thence thiough the King's and Queen’s counties. These blocks 'cveic all composed 
of a peculiar porphyntic gianite liom the distiict situated to tho noith of Galway 
Bay This gianite was composed of rod and cvhite fi'lspar, giey quaitz and black 
mica, and contained numerous ciy.stals of rod fi'lspai, which rendered the appear- 
ance so peculiai that no doubt could be enteitained that the gianite blocks above 
mentioned Aveie deiixed fiom tho Galway distrut 

These blocks me usually angular though occasionally slightly rounded. One, 
whoso dimensions was 10' by 5' by 3', ('qual to 4 tons in av eight, is described by 
Mr. Joseph O’Kelly, of the Geological Suriey of Iieland, as lesting on Lower 
Silurian ground, 10 miles to the north of tho To-wn of Ttosciea, at an elevation 
exceeding 1000 feet above the sea; and his colleague, Mi G. Homy Kinaliaii, the 
senior geologist, found great numbers of these blocks scatteied over the limestone 
plain, in the neighbouihood of Athenry, to the cast of Galway He likewise 
described large blocks of the same granite in tho a alley of Gh'iisascaul, at the 
western base of the Slieve-bloom mountains, the dimensions of one of which was 
12' by 10' by 11', equal to 110 in weight, and otlieis whose Aveight varied from 
85 to 48 tons. 

Sir llichaid next alluded to aiiotber diift of erratic blocks, Avhich took a course 
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from south to north, crossin" the Cuilew and Oy mountains in the county of Sligo, 
the direction of each being from north-east to south-west. 

The Curlew mountains consist of brown sandstone belonging to the Upper Siliuian 
series, the surface bem^ elevated above 800 feet above the level of the sea. 
Descending the mountains to the north, to the limestone valley of ToborcuiTy, 
which occurs between them and the Ox mountains, we find the surface witli very 
large boulders of brown sandstone , and continuing to the northward the ascent of 
the Ox mountains, which are composed of nnca-slate, wo find the boulders of 
brown sandstone continued, though diminished in size. On leaching the height 
of 450 feet above the limestone valley, we meet with liniestoiie J'lskers having an 
east and west direction, crossing the mountain \ alloy at light angles, and on top 
of which numerous angular blocks of mica-slate rest , but the niica-slato is inter- 
mixed with gravel, which is composed altogether of clean rolled masses of Carbo- 
niferous limestone. Milan Mountain, one of tlio Ox range, the suminit of winch is 
elevated to the height of 1440 feet above the sea, is composed of granite, forming 
part of a large protrusion through the mica-slate, which is metamorphosed near 
the contact. 

This granite is large-grained, and is composed of red and white felspar, grey 
quartz, and black mica, but without any ciystals of led felspar such as occur m 
the Galway granite 

Descending the mountains to the north, we reach the Easky Lough, elevated 
700 feet above the sea Here the giamte is bounded by inica-slate, which continues 
to the base of the declivity, and we find the surface covered by blocks of gi’anite , 
and continuing still further across tlie limestone plain to the sea-coast, to Easky 
village, a distance of 8 miles, we find the surface also covered by vciy laige blocks 
of granite , and one in particular, which is situated within lialf a mile of the sea- 
shore, and near to Easky village, was, on measurement, found to contain 1 300 
cubic feet, equal to 100 tons m weight 

Similar granite blocks occur on the suiface of the whole line of the noitli coast 
of Sligo and Mayo, all of which are similar in composition to the Easky gianite, as 
well as to that which occurs on the summit of tlic Ov mountains to the west of 
Easky J^ough as far as the town of Eoxford , and no doubt can be entertained that 
such must nave been transported by ice 


On the Aqenc]! of the Alternate Elevation awl Enhsalcnee of the Land in the 
formation of Binilder-clai/s and (Jlacuns, and the Kvcavation of Ealleif^ 
and Bays. By the Kcv. John Gunn. 

Mr Gunn biiofly recapitulated the contemts of a papc'r which ho read at the 
Meeting of the Biitish Association at Liveipool, to the (dlect that bouldei-clavs 
were deposited in a tempeiate rather than m a glacial pi-nod, inasmuch as tlio 
area of the sea was increased by the subsidence of the land , the peipetual snow- 
line must have been lowered, masses of ice disengaged, icebeigs set floating and 
the boulder-clays formed ; that the glacial epoch was duo to the elevation of 
mountain-ranges and consequent glacieis. He proceeded to sliow^ fhat, in some 
instances which he specified, the agency of the alteinate elevation and depression 
of the land m scooping out vallep and gorges where there was no evidence of ice 
action might be tiacecl , that such effects were due to the action of shallow seas, 
either while dealing off, or while gatlieiing over the suiface of the land, and cutting 
out with its incessant surge water-worn channels and inland hays lie stated, m 
conclusion, his opinion that there was no occasion to invoke any additional causes 
of change of climatnre besides those which were knovNm to exist ; but the rpiestion 
which remains to he solv ed is, to what cause are these alteriiato oscillations of 
level due P 


Professor IIarkness, F.R.S., F.G.8 , exhibited one of the earliest forms of Tri- 
lobites. 
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On ihe Aye of the Felstones and Conglomerates of the Pentland If ills. 

Bg John Hdnderson, F read bg B. J. Brown, F.O.S.E. 

Tins paper was illustrated by two sections, and spccmiens of locks and fossils 
were exliibitcd 

Tbe felstones of the Pentland Hills, with their contempoianeous conglomerates 
and sandstones, haAe lutheito been considered of Old Red Sandstone age, by Mui- 
chison, McLaren, Geikie, and others Having frequently examined the \arious 
exposed sections throughout the distiict, and fiom the evidence collected, the author 
endeavoured to prove that some of these felstones, conglomerates, and sandstones 
are as new as the upper portion of the Lower Carboniferous. 

The fiist section leferied to may be seen on the noith-west side of the hills 
at Clubbiedean, where beds of Caibomfeious sandstone and shales, containing 
(^phonopteri'^ and other well-lcnown Carbonifeious tossils, aie luptuied, tilted 

and hardened by the mtuision of the felstones , and these mtiusive felstones enclose 
fragments of haideiicd shales and limestones, yielding encrimtes belonging to these 
beds, showing conclusuoly that these felstones are of a more lecent age than the 
ovei lying caiboniferous. The othei section leferred to occurs about foui miles further 
to the south-west, at Bevelau and Habbies How, where these supposed Old Red 
S.uidstones and Conglonieiates may be seen lesting on the upturned edges of the 
Siluiian locks In these .Silurian locks the authoi detected a number of felstono 
dykes, one of whuh is about 80 feid bioad, and may be traced up the face of 
ilaiehill, a distance of about 300 feet, ^\hele it is co\eied by hoii/ontal beds of 
sandstone — the supposed Old Red — winch it does not penetiate, while in the vaL 
ley to the south of I laiehill some linu‘stoue pebbles were found enclosed in the con- 
glonieiatcs, which contain fossils evidently of ('aiboniferous ago, such as Set pula 
patnllela, &c , showing that these sandstones and conglonieiates cannot be of Old 
R('d age as lutheito suppo'.ed 

rsoAv, when it is considered that the Lowei Caibomfeious rocks in this dis- 
tiict aie everywhere bioken up by mtrusiv e felstones and greenstones, while the 
sandstones and conglomerates of Harehill and the Caiinhills leniam almost un- 
touched by Igneous action, and lying nearly hoii/ontal and undistuibed, the na- 
tiiial conclusion aiiivc'd at is, that these supposed Old Red .Sandstones weie not 
deposited until aftei tlie igneous foices winch have distinbed the Lower Caibom- 
feious m this di^tiictweie neaily ('xhausted , and the whole evidtuice cleaily shows 
tluit the.se supposed Old Red Sandstones, Conglonieiates, and Felstones of this pait 
of the Pentland Hills must at least be as lecent as the upper pait of the Lower 
Caibouileioiis. 


On the relative ai/es of the Cramtic, Flvtonie, and Yohanic Bods of ihe 
Mourne Mountains and Alieve Crooh, Co Doivn, h eland Bg Professor 
J']t)W\RT) Hull, 3/ J , FB S , F G S , amiyfuna A Tr\ill,BH , o/ the 
Geological Siuveg of h eland {Communicated ivith the sanction of the JJi- 
redo) - Geneial of the Geological Sui veg.) 

Having leferied to the bold and inteiesting physical features of the distiict, 
■which in sonio respects lesemblo tho’^e of Aiian, and which liad already been ob- 
^yects of investigation bj Ciiliith* * * § , Reiger f, and Jh}ce|, the authois obseived 
that tlu're vvx'ie, as in An an itself, two vaiietics of granite. The.se had beiui 
shown by the Rev Piofessoi Haughton§ to dillcr in composition , the gianite of 
Slieve Cioob (consisting of quaitz, oithoclase and mica) being a “soda gianite,” 
and that of Mouine (consisting of quartz, oithocla'^e, albite, and mica) being a 
“ potash granite ” l)i Biyco had expressed an opinion that these two granites 
belong to dift’eient epochs |b 

* Geological M.ip of Ti eland, 1839 

t “ On the Geological lealuies of the North-Eastcin Counties of Ireland,” by J. F 
Berger, M D , Tr.ins Geol .Soc Lend Ist sor vol i 

I “ On tlio Geological Structure of the Counties of Down and Antrim,” by James 
Bryce, LL.D , Rep Rrit Assoc 1852, p 42 

§ Quart. Journ, Gcol. Soc. Lond. vol xn p. 188, and xiv. p 390. || Supra cit. 



102 


REPORT — 1871, 


The relative and ^as far as possible) the actual ages of these granites still re- 
mained to be determined, and in the absence of stratified deposits newer than the 
Lower Silurian m immediate contact with the granites themselves, the authors 
believed that conclusions might be safely arrived at by considerations connected 
with the basaltic and felspathic dykes by which the rocks had on several occasions 
been invaded. 

They had arrived at the conclusion that the granite of Mourne was more recent 
than that of Slieve Croob by a long interval of geological time ; the former being 
of Upper Palmozoic, the latter of, perhaps, Mesozoic age. These general conclu- 
sions wore supported by the following considerations. 

The granite of Mouiiio at its margin in some places passes into qunrtziferous 
porphyry, and sends offshoots of this rock in the form of dykes into the surround- 
ing Silurian stiata, as mnvbe very clearly determined by several examples in tho 
vicimty of Newcastle. llimcc the authors inferred that the dykes of quartz-por- 
phyry and felstono wliicli traieise the granite of Slie\o Cioob might be refeired 
to the age of the newer granite of Mourne, and thus the gi eater antiquity of tho 
Slieve Croob granite might be determined. 

Trap-dykes — The trap-rocks of tho district were classed mmeralogically as 
follows — (a) Quartz-poiphyiies and higlily silicated felstones (/i) l)ioiitcv>. (c) 
Basalts or Dolerites oi two ages. 

Considered with reference to relative ages of foimation, tlie following was tho 
order of succession, in th(' ascending serie.«i 

(1) Older Dcnalts and Dole) do Dykes . — These form by far tho most numerous 
of all the trap-rocks of the diatiict, occurring in great numbers along the coast 
south of Newcastle, and among&t tho inteiior mountains, as at Shove Muck, they 
are also unquestionably the oldest of all tho tiap-rocks of the district. 

Their age, with rcteienco to the granite of Mourne, was placed beyond question 
by a large number of examples in which the^(‘ d\lv('s, after tra’iersing the Siluiian 
rocks, are abiuptly teiminated at tho inaigin of tho gianito, they aio therefoie 
older than the granite itself"^ 'J’ln'se older basalts were found to tiaveiso the Silu- 
rian rocks 111 well-formed d\kes ^vlthm veitical (or nearly vertical) walls, and aio 
generally fine-gi allied, of daik "leen colour, undistmguisliable from those of newer 
Tertiary age Slict'd specimens showed under tho imcioscope the composition to 
be augite, tiichnic felspai, and titano-feiiite 

(2) The next in oulei of age are the quaitz-poiphyries and felstones, which (as 
already stated) bianch oft fioni tho mam ma.vs of tne IVTonine granite, and aie un- 
questionably of the same age as the gianite itself, and often strongly resembhs it 
in its moie compact foim I)\k('s of Ihove rocks are also found tiaversing the 
oldei giamtf' of .Sh(‘\c Croob Tiny con^nt of a fehpathic base vith ci}stals of 
felspar, giams and ciystals of quaitz, and sometimes mica or hornblende, as acces- 
sories, and in small quantities. 

(3) Th(‘ Dioiite dykes aie few in numbci, the finest example occumng at Ifos- 
trevor. It consists of a ci}stalhne gianulai aggregate of leddish felspai and hoiii- 
blendo well de\ eloped, and tra\orses the older basaltic d^kes, but is, they believe, 
older than the gianite of IMouine. It is therefore reteiable to .some inteimediato 
period. 

(4) Besides the older basaltic dykes, which are cut off by tho granite, theie are 
a few which traverse both tlnrSiluiian locks and the granite of IMourne itself. 
Those are therefoie iiewei than those previously described , and as they appinir to 
be connected with those which are found tiaversing the Cretaceous rocks in Co. 
Antrim, tho autliois consider them to bo of Miocene age 

In general aspect there is no decided difference between the oldei an<l newer 
basaltic dykes , they hav c all the external appearance of tho Tertiary dykes, which 
abound along the margin of the basaltic plateau of Antiim, and m tho West of 
Scotland , and had it not been for their relations with the gianite of Mourne, they 
might have all been included in tho same category. 

It might have been supposed that microscopical examination would show some 

* Sir Richard Griffith has mformod one of the author.s that he was already aware of this 
fact, but had not published his observiifious. Some of these dykes are represented on his 
Geological Map of Ireland 
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distinction in the basalts of these geological ages ; but recent investigations by 
Zirkel, D. Forbes, Allport, and others tend to show that there is no criterion of 
age amongst the constituents of basalt, dolente, or melaphyre ; and the presence 
of olivme, once supposed to bo distinctive of Tertiary basalts, has been detected 
amongst those even of Carboniferous age *. 

Af/e of the Oldei Basalt. — The geological age of these older basalts can only be 
relatively determined. They arc newer than the Lowei Carboniferous locks, w iiich 
they are seen to traverse at Crantield] Point and Cailingfoid Itecollecting the 
abundant evidences of contemporaneous volcanic action which the Caiboniierous 
rocks of Scotland [and portions of central England present, the authors are disposed 
to refer these older basalts to the Upper Carboniferous period itself, and having 
legard to the prodigious number of these dykes traversing the rocks at intervals 
along the coast from Dundrum Bay to Carlmgford Bay, they suggest the former 
existence of one or more volcanic vents in their vicinity during later Carboniferous 
times , such a volcanic focus as is infened to ha^ e existed in the vicinity of Car- 
lingfoid by Piofessor Ilaughtoii f. 

iiequence of (inimte, Plutonic, and Volcanic lochs in the Mom ne dostnet . — • 
The following may be legarded as the older of succession of these locks with 
their appioximate ages in the distiict north of Cailingfoid Bay, all being more 
recent than the age of the ‘^CVnadoc” or ‘^Bala” beds of the !Siluiian epoch. 
Commencing with the oldest, wo have — 

(u) Metamorphic granite of Slievo Cioob, Castlewcllan, and Newr}. Pic-Car^ 
honiferous, theiefore Palaeozoic 

(o) Older basaltic dykes ot Mourne and Cailmgloid. Uppei Cai homferoia>. 

(c) Dioiite Dykes. Latei than the Carhonifei out,. 

i l. (traiiite of Mourne ... 

2. Felstone and poiphyry dyk('s penetrating the granite 

of Slievo Cioob and the older basaltic d3kes 

(c) Newer Basal hs of Miocene (Tertiary) age 
Judging by the compaiative scarceness of the newer Tertiary dykes in the district 
of INlourne, the authors drew the conclusion, that it may bo consideied as the 
southern limit of the legiou aflected by the volcanic outbuist of the Miocene period, 
which so powerfully adected the disBict Ivmg to the north-east of Ireland and 
extending into the Inner Ilebi ides , while on the other hnnd it was the seat of 
active volcanic eneigy duimg an eailier period, which m all probability may be 
identified with the Upper Caiboniferous, or that of the Upper Coal-measures of 
Ikigland. 

On the Coal-beds of Panama, in reference mamhj to their Economic Tmportance. 

Bij the Ilcv. Dr. Hume. 


I Post Car- 
I boniferous J:. 


On the Silurian liocls of the Counties of Jtoxhui ifh and Selin I . 

Bp CirAiiLi s LvpwoRin and James Wilson 

The authois gave a shoit summaiy of what they had alieady accomplished on 
the luvcstigafion of these stiatii, which they held fell natuially into five gicat divi- 
sions 111 this distiict. TIk'SO divisions they Inid named lespectivel^', 

I. The Hawick Hocks, 4. The Gala Gioup, 

2 The Selkirk Hocks, 5. The Hiccaiton Bods, 

8. The Moffat Senes, 

after the places where they are best developed. 

* Mr S Allport, ‘ Gteological Magazine,’ vol vi p 115 

f Quart Journ Qeol Soc vol xii p 193 

i Professor Harknesa suggests that the eruption of the granite of Mourne may bo i c- 
ferrod to the period which intervened between the depositon of tlie Carboniferous and 
Permian strata, a period of great duration , and ho flunks there is a strong resemblance 
between the granite of Mourne and that of Kjrkcudbrightslure, which is referable to this 
period Against this view it is to bo observed that it would bring the older basaltic dykes 
close upon the heels of the Mourne granite, wluch seems rather improbable. 
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The Hawick and Selkirk rocks fill np all the central portion of the district de- 
scribed, extending from near Selkirk to Mosspaiil. They form the great anticline 
of the South Scottish Silurians, and appear to be the lowest rocks exhibited. They 
contain a few fossils, such as Annelulay Protichmtes, Protoviygulaua^ Phyllopoda 
The Moffat senes is remarkable for the bed (or beds) of anthracitic shale wliicli it 
contains, and which is famous for the largo number of Graptohtes found in it. The 
Moffat series, with its black shale-band, makes its appearance twice in the district 
desciibed, — 1st, in the country between Selkiik and Melrose , 2ncl, in the region of 
the Moorfoot Hills ; these beds yield fossils of the genera Dicelloyrapsus, Dicrano- 
f/rapsus, CladograpsuSj Chmacoyt apstiSj Dimnocaii^, Peltocaus, Siphonot) eta, Lin- 
(juia 

The Gala group lies in the syncline formed by these two appearances of the 
Moffat series, and consists of guts, sandstones, sliales, and conglonieiates, that im- 
bed a Middle Silurian fauna, including Mouoyt apstis, Piplopntpsus, llctiolites, Dtc- 
tyonemn, Aptychopsi'^, Ce) atiocant,, Picfyocat is, Orthocoras 

The Riccarton beds fill up all the Silurian country to the south of a line drawn 
from Kirkcudbright to Jedburgh The fossils are Upper Siluiian, and include Cyi- 
toyrapws, Ptiloyi apsus, Theca, Orthoceras, Cei atiocat is, Aptychop'^is, Pteiyyoius, 
Phynchonella 

The authors believe that the anthracitic bed of INIoffat is of Bala age, that the 
Gala group contains strata of both Caradoc and Llandovery age, and that the 
Iliccartou beds should be classed with the Wenlotk oi Lo^^er Ludlow. 


On the GraptoUtes of the Gala Group, By Ciiirlts L\rvoRTn. 

The Graptolites found in the Gala group foini an a.ssemblago quite distinct from 
that afibided by the Moffat senes The species known at piesent are — 


1 I)j2)lograpsuH bullatus {S(dt ) 

2 palmeus {Barr ) 

3 Rotiohtes Geniitzianus (Ban ). 

4 obesus (n sp ) 

.5 Graptohtes Sedgwickii (JSTCoy) 

0 Sagittarius (Hus ) 

7 Eeokn (Ban ) 

H Nilssoni (Barr ) 

<) Ilalh (Barr ), 

10 Gnestonensis (Ntcol) 


1 1 , Graptohte^ Saltei i ( Geiniiz) 

12 fimbriatus (Nich ) 

13 priodon (Broun) 

14 colonus (Barr ) 

15 sociahs (n sp ) 

1() turricuLitus (Barr ) 

1 7 genimatus (Ban ). 

1 8 RasI rites Linna?i ( Bai r ) 

1') maxmuis ((7«n ) 

20 Dictyoncina, sp 


Two of these species, i. e lletiohtes obesus and Giaptolitcs sociahs, aie new to 
science 

In lletiohtes obe^m the fiond is diprionidian, onsifonn, or elongate-elliptical in 
form, with a length of 11 inch in the large'll specimens, to a bieadth of moie 
than ^ of an inch The meshes on the central suiface are hexagonal, J^jOf an inch 
in diameter. Round the inner margin of the frond iiiiis a senes of largo subejua- 
diangular meshes, winch foims a peculiar and clmiactenstic biaiding, distinguish- 
ing this form at once from all other species of the same genus These meshes 
show the place of the cellules, which aie fiom 22 to 24 to the inch 

Giaptubtei sociahs is nionopnonidian, flagelliform, of an inch in width and 
less than 2 inches in hmgth. The cellules aie formed after the type of those of 
Graptohtes Bcckii (Barr ) They are arianged along the concave side of the stipe, 
from 34 to 44 to t}ie inch 

Tiiis species is found in gieat nuinbcis in some of the Gala beds. 


On the Ortyin of Volcanoes. By P. W. Stfirt MnN'iimn 

The author’s \iew8 aie briefly stated in ^ Scientific Opinion ’ for April 7, 1809. 
Since that date, M Fouqu6 m France, and Peschel in Germany, had published 
very similar views, although M. Fouc|^ud, until lately, opposed all chemical theories 
of the origin of volcanoes. The author, therefoie, ventured to bring forward his 
theory more m detail, and he believed that if chemical geology were more gene- 
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rally studied, that theory would not appear startling. He had considered the ohjec- 
tions of Biscnof and others to chemical theones, and he believed that they did not hit 
the explanation he proposed. That explanation attributes the force of volcanic action 
to solar energy, stored up in rocks by buiied organic matter — this organic matter 
either existing in rocks as carbon and carbonaceous compounds, or represented by 
sulphides and other substances, produced by the reducing- action of organic matter. 
Volcanoes, as has been said of steam-engines, are worked by the light of other days.” 
Starting from the five groups of well-preserved extinct v olcanoes in Spain and Por- 
tugal, pioceediug to consider the i olcanoes of the Mediterranean basin, and finally 
volcanoes in general, the author concluded that, as had been pointed out by Steiry 
Hunt, volcanoes, as a rule, he on or at the borders of much sedimentary rock , and 
the exceptions to this rule ho considered to be explicable m conformity with his 
theory These sedimentary locks, especially in the Medileiianean basin and under 
the \ olcanoes of Catalonia, could be said to contain much organic matter. Next, 
he examined the alleged fact of the occuiience of volcanoes along gieat lines of 
fissure, and concluded that their occuiience in lines was due to their connexion with 
the sea, as well as with lines of scdimentaiy deposition. The authoi believes that 
the sometimes alleged identity of v olcamc rocks was a statement either misleading or 
meaningless, and that the composition of \ olcamc rocks was just what we should 
expect, if they were formed fiom mas'r.es of sedimentary rocks, in presence of sea- 
water. Proceeding to the consideration of the results of Fouque, Deville, Haubeny, 
and others, regal ding the gaseous products of volcanoes, he showed that these afloidecl 
striking evidence that a mixtuie of gases, similar to that evolved m gasworks, was 
oxidated in volcanoes with production of gi(‘at heat To this heat, and to the 
burning of separated caibon, sulphui, and probably non, he attiibuted the high 
tempeiatuie piesent in some la\a on its appeal ance in the air From the researches 
of iSoiby, Ziikel, Daubn^e, Delesse, Stoppani, and others on the sub] ect of lavas, ho 
concluded that these ivere foinicd at modeiate tempeiatiues, and only exceptionally 
fused by the great heat pioduced in the crater The enoinious amount of heat 
assumed to be present in 'volcanic action was, in the authoi ’s opinion, in gieat part 
mythical, and what was actually aseei tamed could bo explained by the nature of tho 
substances oxidating in the eaitli and burning at the ciatei . As to the intioduction of 
air and water, he refeiied to the penetiation of sea-water at Cephalonia, to the re- 
searches of Delesse, to the Catalan tt ompe, and to tho fact that sea--\vatei dissolves 
much oxygen, 'while the iiitiogen evolved, m volcanic aieas and elsewhere, is 
usually either pure or accompanied by le«s oxvgen than would compose atmo- 
spheric air. He then pointed out that tho amount of caibon found in loclcs might 
be adequate to produce all the heat required, if we assumed the locks to have been 
rapidly deposited , whereas, if they had been slowly deposited, tin' amount of car- 
bon now existing in them could only be a remammg fraction of that they iormerly 
contained, the lest having been evolv ed as caibonic acid It he were to reject geolo- 
gical time, as some hav o done, he might assume that the volcanic heat to be accounted 
for was 1 list as much as the av eiage amount of caibon w^as acli'quate to supply vVfter 
attributing the oiigin of the vast amount of buiied caibon now m rocks to buiicd cai- 
bon in foimer roi k^ and lemaiking that it must have passed v cry giadually thiough 
the atmospheie, ho cliscu>^sed some coirelated piocesses in natuie which would kei'p 
volcanic action loughly uiufoim, tho sun-force continually passing thiough oiganic 
matter into volcanic heat Ho contined himself chielly to v olcamc action piopei, as 
that was geiieially coii'^ideied the best evidence of the oiiginal-hcat theorv , but he 
considered that such geneial internal heat as had been ascertained might bo attii- 
buted to the distribution of volcanic heat by water, to geiieial oxidation of the car- 
bon almost universal in locks, to fiiction as shown by Bianconi, and fiuallv, to tho 
electiic currents ascertained to exist m the earth, and to be probably produced in 
great pait by the sun. 

The paper was illustrated by sketches taken by the writer in the Two Sicilies, 
the Greek Isles, Catalonia, &c , also by some curious specimens of metamoqihosed 
glass, which he had found "while excavating for antiquities in Ischia. 
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Farther Eceperiments and MemarJcs on Contortion of Rorhs. 

By L. C. Miall. 

After recapitulating the results of some experiments on contortion of mountain 
limestone brought before the Association at Exeter, the author went on to state that 
with improved apparatus he had extended his experiments to various substances. 
Limestone ^peared to be exceedingly plastic when long subjected to forces of low 
intensity. Flagstones from the Coal-measuies with a certain amount of elasticity 
possessed little power of permanent deflection. This negative result is, however, 
to be checked by observation of cases of accidental flexure of flagstones. Examples 
were cited of these rocks which had yielded to strains, and had become perma- 
nently bent. Plaster of Pans the author finds remarkably plastic, and a long 
senes of experiments with dry slabs shows that it can bo bent and twisted inde- 
finitely. Slates had also been tested, but with quite inconspicuous results A 
considerable elasticity was found to characterize good slate, with a quite inappre- 
ciable plasticity The author had obtained striking examples of artificial contor- 
tion by imbedding laniinm of various rocks in pitch These results wore applied 
to the very sharp flexures sometimes seen in hard strata lying in beds of shale. 
Cases of quite superficial contortion were quoted, and fiom numerous instances 
of marked undulations in strata which were undi'ilaiii by horizontal and undis- 
turbed layers, it was inferred that many contortions extend only to tiilling depths. 
A case of contortion traceable to the reino\ al of part of a hill-side by a landslip 
was referred to as showing that flexures on a considerable scale may be of quite 
recent origin. In conclusion, some remaiks weio made on the geneial thcoiy of 
contortions at the surface of the earth. 


On the so-called Hyoid jplate of the Astcrolcpis of the Old lied Samhtone. 

By John Miller, FG.S. 

In the Number of the ^ Geological Journal ’ for August 1805), the author pub- 
lished a letter, stating that he had obtained two specimens of the A'^teiolepis liom 
the gieat flag-deposits of Caithness, which shoiveci cleailv and distinctly that wliat 
had hitherto been considered to be the hyoid plate was not a hyoid ])late at all, but 
was in reahty the dorsal plate of the Asteiolcpn, fitting on inimediatelv behind the 
cranial buckler, pietty much in the same way as the doisal plate of tbo Coccodrus 
fitted on behma its head-plates. lie stated tliat ho would endeaioui to lay his 
specimens before the Geological Society of London as soon as possible , however, 
circumstances have prevented this The specimens reforied to were exhibited 
on the present occasion, in fulfihnent of the pledge given to the Gcvilogical 
Society. 

It 18 right to pieniise that fiom the tune these plates were first made known to 
geologists by Asmus and Kichwald in Kussia, and by Sir Iloderiek IMurchison and 
Agassiz m the west of Europe, they have been regarded in Ilussia and in this 
countiy as hyoid plates, down to tlie period of the publication by Pander of his 
works on the Devonian system of llussia, in wdiicli he stated his opinion that they 
would turn out to be dorsal plates when more complete fossils turned up. This 
opuiion was shared m by several of our most eminent palaiontologists, and amongst 
others by Mr Peach, who has Tong woiked in the AA^ro/c^Uo-beds of Gaithiiess, and 
is well acquainted with the geology of that county. 

In his description of the Asterolepis, Hugh Miller says (‘Footpiints of the 
Creator,’ p. 85 of the edition of 1801) — “That space compiised within the arch of 
the lower jaws, in which the hyoid-bone and branchiostegous rays of the osseous 
fishes occur, was filled by a single plate of great size and strength, and of singular 
form” 06*4 fig. 40). 

And again, at p. 87 (ibid ) : — “ The two angular terminations of the hyoidal 
plate (a, a, fig. 40) were received, laterally and posteriorly, into angular grooves in 
a massive bone of very peculiar shape (fig. 42), of which the tubercled portion (a, a) 
seems to have swept forwards m the line of the lower jaw.” In these short 
extracts Hugh Miller, with his characteristic unmistakable clearness, states the 
generally received opinjop regarding the position of the so-called hyoid plate , and 
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it was the author’s object to show that the generally received opinion on the 
subject 18 a mistake, and that the plate in question is in reality a true dorsal plate, 
fitting on immediately behind the cianial buckler or head-plates, and that those 
naturalists who had previously supposed that this would ultimately prove to be its 
right position, from Pander down to Peach, were found to have been quite correct 
in their opinion The author exhibited a sketch of his best specimen, in which was 
seen the upper sin face of the cranial buckler, descnbed by Hugh Miller, with the 
dorsal plate, in its true position, and attached to the cranial buckler by two “ massive 
bones of very peculiar sliape,” alluded to in the quotation above. 


Como vation of Boulders. By D. Milne-Home, F.Jl.S.B, 

Professor Geikie having stated that the next subject to be brought under the 
notice of the Section was the conservation of remarkable boulders, begged to men- 
tion that the Sectional Committee had passed a resolution, intimating their sense 
of the importance of the subject, and recommending that the Bntish Association 
should appoint a Committee, with a grant of money at its disposal, to endeavour to 
discover tne position of lemaikable boulders in any part of the United Kingdom, 
and also to have them preseivcd The Koyal Society of Edinburgh had already 
taken steps for these* objects as regards Scotland , and it would be well to have the 
movement extended ^o as to enibiace England and Ireland, and the two Committees 
would no doubt coopeiate, as far as Scotland was concerned. He then called 
on Mr. Milne-llome, the Chan man of the Committee of the Iloyal Society of 
Edinburgh, to explain more particiilaily the objects contemplated, and the measures 
which might be takt'ii to cany them out. 

Mr Milne-IIome said that his attention to the subject had first been awakened 
by an aiticle in ‘ Natuie,’ from tin* pen of their President, Professor Geikie, giving 
an account of proceedings which had been commenced m Switzerland for the pre- 
servation of lemaikable bouldeis. Being acquainted with Ih’ofessor Favre, of 
Geneva, 1 h> had learned liom him that the movement embraced Dauphiny and 
other piovmces in tin* Soiitli of h’lance, and that the eflcct had been to create a 
strong popular svmpathv m the object. Following this piecedent, ho had induced 
the Ivoyal Soiiety ot iklinbuigli to appoint a Committee, whoso duty it was to send 
ciiculais to all the ]»aiislH's in Scotland, with the view of ascertaining the existence 
in them of aii} bouldt'is lemarkable lor size or for other features Many questions 
of much geological iiitmcst could bo solved by ascertaining the nature of the rocks 
composing bouldeis, and studying their shapes, in older to deduce conclusions as to 
the transpoitiiig agent. These boulders, however, were fast disappearing, some- 
times owing to agricultuial improvements, and sometimes affording, when broken 
up, inateii<ils for building or for road-metal It was therefore important to 
discover the localities where any remaikablo boulders existed, m order that they 
might be examined by those who took an inteiest in such speculations, and m 
order also to have them pieserved. Ho bad reason to believe that the propiietons 
and tenants of the lands on winch such boulders might be situated would willingly 
accede to any application which might bo made to them by scientific societies to 
preserve them, lie was suio that, were this Section to express views favourable 
to that object, great good would lesult. 


Further Bcmarls on the Denudation of the Bath Oolite. 
By W. B. Mitchell. 


On Geoloyical Systems and Endemic Disease. By Dr. Moffat. 

The author lemarked that the district in which he lived consisted geologically 
of the Carboniferous and of the New Red or Cheshire sandstone systems; that 
the inhabitants of the former were engaged in mining and agricultm'e, and those 
of the latter in agTiciilture chiefly. Anaemia^ with goitre, was very prevalent 
among those on the Carboniferous system, while it was almost unknown among 
those of the Cheshire sandstone, and phthisis was also more prevalent among th« 
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former than the latter. As anemia was a state m which there was a deficiency in 
the oxide of iron m the blood, he was led to examine chemically the relative com- 
position of wheat grown upon a soil of Cheshire sandstone, carbonifeious lime- 
stone, millstone grit, and a transition soil between the Chesliiie sandstone and the 
gilt , and the analysis showed that wheat grown upon Cheshire sandstone yielded 
the largest quantity of ash, and that it contained a much laiger quantity of phos- 
phoiic acid and oxide of iron tlian that giown upon the othei foiinations. He cal- 
culated that a dweller on the Cheshiie sandstone who consumed 1 lb of wheat 
daily, grown upon the lattei formation, took in nearly live grains moio per day of 
oxide of iron than one who dwelt on the Caiboniferous system wlio did the same. 
The analysis showed also that the wheat giown upon the Caiboniferous system was 
deficient in phosphates oi nutritive salts , and one who consumed a pound of 
Cheshire wheat per day took m nine grains nioie of phosphoiic acid than one wdio 
took one pound of wheat giown upon the Caibonifeious system He had endea- 
vouied to ascertain whethei the biead of those Avho dw'elt upon the tw'o s} stems 
was relatively as deficient in these impoitant nutritive elements as tlie wdieat 
grown upon them. He had collected twenty samples of bread used by twenty dif- 
ferent families In mg upon each system, and analysis aflordc'd results as conelusn e 
as the examination of the wheat. The deficiency of the nutiitii (> salts in the bread 
compared with those in the wheat w'as \eiy lemaikable, and it was no doubt 
owing to the removal of the bran fiom the flour witli which the bii'ad was made 
The writer then gave some statistics as to tlie diseases pievalent m the counties of 
Chester, Flint, and Denbigh, and stated that the piactical deductions to be diawn 
from the inquiry w'ere, that all young poisons In mg on a Carbonifeious lormatiou 
having symptoms of incipient goitre and ancTemia, ouglit to be moced to a soil upon 
Kcd feWdstone, and peisons ot stiumous habit ought to lesido upon sandstone at 
an elevation ot at least 800 or 1000 feet above tin' sea, and that both classes of 
persons should Ine upon food, both aiiminl and faiinaceous, which confamed the 
maximum quantity oi oxide of iron and the phosphati's or nutiitno salts Medi- 
cal men could not too much impress upon the minds of tlie public the importance 
of using flour made from the wliole of tlie wheat, or ‘^wdiole giain.” 


On the Si/stematic Position o/ Sivathcriiim gigantcnm, Faulc. and CauP. 
Bij Dr. James F.G.lS., F.L^ , tj(. 

Among the fossil fauna disco\ered m the Sewalik HilD, the SivatJicnum, one of 
these, as attested by its remains, must ha^e attained the si/e of a tull-giown ele- 

f ihant. It appears, howmvei, to lia\e been a luminant, m some lespects Deei- 
ike. Ill otheis moie lesemblmg the Antelope. Still stranger, it seems to liaAO 
had some characteristic features of rach;yderms — the Tapii, for ('xample. After a 
careful review of the statements and deductions that ha\e been made upon the 
Saathermm, the author went on to show that it belonged to those ladical foinis 
which by some may be regarded as one of the progemtois of dneise heibivoious 
groups. The fossil bones studied by him aie those contaiiu'd m the Diitisli 
Museum. There is also a remarkable fragment m the hldinlmigh ITiiveisity 
Museum The points which he regaided as atloicimg a safe basis ot the affinities 
of this cuiious animal are • — l-The form and stiuctuie of the horns, 2 the shape 
of the bones of the face , 3 the nature of the teeth , 4 the foimation of the 
basis of the skull ; and 5 other peculiarities of the neck, chest, and limb-bones. 
The Siiathemim, accoiding to him, is unlike all other living lumiiiants but oni', 
the Prongbuck, fiom the fact of its having had hollow lioins, evidently subject to 
shedding. It differs thus from Deer, wdiose solid horns annually drop off, arid fiom 
the Antelope tribe, Sheep, and Oxen, whose hollow hoi ns are peisistent. Save 
one living form, the Saiga, no recent ruminant possesses, as did the Sitafhertum, a 
muzzle resembling in several ways the pioboscis of tlie Tapiis and Elephants. 
The dentition partook of the characters of the ancient Flasmothci turn, &c. The 

* This paper has been published in extemo in the Gcol Mag , October 1871, accom- 
panied by two double plates of the restoration of the skeleton and a representation of 
the animal, $ , $ et ;)nv. Therein references to the several authorities &c. will be found. 
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basis and hind end of the skull is typical of oxen. The sternum, portion of the 
spine, and general strength of the hinb-bones show configurations allying it with 
the Bovidte. Other features of the legs hint an affinity to the Ganiel. On the 
strength of his own reseaiehes, and those of Mr Bartlett and Dr Canfield, the 
author is inclined to place the Simthenum in the family Antilocapridco , Drs. Sclater 
and Gray having raised the Prongbuck to a group equivalent to the CervidiO and 
Antilopidfc, chiefly from the singular fact of its horns being hollow and periodi- 
cally deciduous The groat Indian Sioathcnum ho considers might as well bo 
taken as the centre type of a family, the vSivatheridjo. Ho points out that radi- 
ating from it can be traced a differentiation of structure allying it to the ancient 
Bramothenuin and Megacerops Diveisely, links lead through the Prongbuck 
towards the Doer, Giraffe, and Camel. On the other hand, configurations point 
undoubtedly to the Saiga , and there it is, as it were, split into lines directed 
towards the Antelope, the Sheep, and even the I’achyderms 


Additions to the h‘^t of Fossd‘> and Localities of the Carhoniferous Formation 
in and around Edinbiuijh. By C. W. Pevcii, A.LS. 

Tlio author, after a few pieliininary remarks, stated that he had found Spiro? bis 
caihonaiius rather plentiful at Biiidiehoiise, showing that the limestone there had 
been deposited in brackish water , Edhe? la, m Camstone quarry, in Arthur’s Seat, 
plentiful, L(‘i(i m an iionstone nodule at Wardie, Piofessor K. Jones says, the 
mo-^t noi thorn locality at present known , ” Acanthodos JFaiah plentiful in the Par- 
rot-coal at Loanhead, rare at the biickwoik and No 1 Pit and Shield Hill, Fal- 
kirk, and in the black-band and gas-coal at Auchenheath, Tjesmahagow. In ad- 
dition to the well-known Fip/optc) m of Wardie, he had got from Loanhead splendid 
specimens, with large and beautifully caived jaws and striated teeth, for which, 
should it prove new, he proposed to name it P. eleyans It is rare 

lie next exhibited a poition of a splendid spine, beautifully tubercled, and covered 
as well with thorn-lilfo hoolcs, diffeiing fiom all figured by Agassiz. lie exhibited 
othei things, piobably new , also a shagieen-coveied fish , he had found it in several 
localities As all were so inipoifoct he leframed fiom doing moie than showing 
them to the members, so that any one knowing it might thiow light on it. 

lie next exhibited and commented on a senes of beautiful specimens of coal- 
field plants, consisting of large leaves and stem of Coidaites bo?assifolia , Calannies 
?iodo,',i(s in a splendid state, showing its pairs of blanches, pmme, and leaves , from 
these he had betni able to make neaily a complete restoration of the plant The 
greatest pri/o was Anthohthes Pitcaii nia>, vvuth its fiuit Caidiocaipon attached, 
hanging giacefully by its swan-hke stem, the^e, with many otliei luteiesting 
plants, lie got in the blaes abo\(’ the coal at Coach-road pit, near Falkiik. 

He ri'inaiked that some of the jaws andpoitions of the fishes fiom the coal-fields 
retained then gieasy natuie, thiowing oil water when wetted like the chalk used by 
lithographers, and lustantly drying, whilst the inatiix in which tliey wore enclosed 
remained wid. 


On Ilydro-Geoloyy, By L’Annk Piciiaed. 


On the Contents of a IL/cnia's Den on the Great Doiuaid, Whitchuirh, J^oss. 

BytheBcv W. B Simo.nbs, PG.N 

The folhnving is tlie oidoi of deposition of materials in the Caie known as King 
Arthui’s Cave 

1. Fallen debus containing Roman potteiy and recent human bones. 

2. Oave-oaith No 1, three feet thick. Flint Hakes and a flint knife. Cores of 
chert and Biluiian quartz lock Teeth and jaws of Fiits spiLea, Uisus spehrus and 
Jlyccna spolcca^ Flephas p? iniiyenufs, Mhinoceios ticho? ht?ius, Eqiius fossihs, Meya- 
ceros hibei'nicus, and Cervus tai andus. 

3. Old riv cr-bed of led sand and W^e pebbles from the Silurian rocks of llha- 
vador and Builth, three or four feet thick. 
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4. A thick floor of stalagmite, on which the river-bed rests. 

6. Cave-earth No. 2. Several flint flakes, with abundant remains of Cave Lion, 
Hyssna, Rhinoceros, Mammoth (tliree sizes and ages), Irish Elks, Horse, Bison, 
and Reindeer. 

The Wye now flows 300 feet below the ancient river-deposit of sand and pebbles. 

In the lower cave-earth are associated the relics of ancient men and the extinct 
mammalia ; and the author expressed his conviction that there are no better 
authenticated evidences of the antiquity of man in the records of cave-history. 


On a New Pisli-spine from the Lower Old lied Sandst07ie of Hay, Breconshire. 

By the Rev. W. S. Symonds, F.O S. 

This is a new Icthyodorulite now in the possession of the Eail of Enniskillen, It 
is described by Mr Etheridge, of the School of Mines, under the name of Onchus 
major It is the laigest known spine from the Lowei Old Rod Sandstone 

The stratigraphicai position of this Eish-spino was desciibed to Mi Sjmonds by 
Mr John Thomas, C E., of Hay, Brecon. It was found at Llidiart-y-Warn quarry, 
near Hay The following is Mr Thomas’s account — 

“This fossil, with several others, was found by Mr lfa\id .Tones, of Ila}’’, some 
three or four years ago, who, not knowing its \alae, left it to he in his garden on a 
rockeiy. It is much weathered in consequence 

“ All geologists acquainted with this disti ict will recollect the fine section of Old 
Red as seen from the summit of the Black Mountaiii'« oveilooking tlui Wye valley, 
between Hay and Glasbury. In ‘ Siluiia,’ p 272, Sir Rodinick Murchison has 
given a reduced copy of a section from the outcrop of the rarbonifoions Limestone 
of the South Wales basin, across the Wye \ alley to the Upper Ludlow, in Rad- 
norshire The summit of the Black Mountain is occupied by chocolate-coloured 
sandstones, called by Mr Symonds “ Brov nstones ” Then, m descending, we 
have the red and green marls and the coinstones The cornstones are very 
clearly defined and exposed on the slope of the hills from the Usk valley to Mouse- 
castle, opposite Hay. 

“ About 200 feet below the comstone-beds and at this point is Lhdiart-y-Wam 
quarry, where the fossil was discovered. The b(‘ds in the qnariy are formed of 
comstone and verv fine layers of whitish sandstone ” 

The structure of this Fish-spine is thus desciibed by klr. R Etheridge, F R.S. ' — 
“ Form gently arcuated, of nearly equal diameter from base to apex, slightly com- 
pressed. Posterior free, concave, destitute of denticles Sides apparently smooth, 
having no ndge or sulci, though it appears to have been onginally delicately lined; 
base of spine round or obtuse, broad, smooth, or delicat<dv stnated, outer sub- 
stance thick, internal axis large, and rugo«e on outer la^ei Tjength 5 inches, 
breadth ^ inch. Loc. Llidiart-y-Warn. l^osition Coinstono of Jjower Old Red 
Sandstone ” 

The anterior face of the spine i^t not seen ; Avhether it is obtusely keeled or not 
is therefore unknown. The osseous stiuctuio and substance; is Avell deflni'd. The 
author doubts not that originally, or if we had tlie outei suifaco piesei\ ed, the spine 
was longitudinally ndged by deep, narrow sulci. 


On the later Crag -Deposits of Nor folic and Bvjfoll.. By J. R. TAYnon. 


On the Stratified Bods of Islay. By Jamus Titomson, F G.S. 

The author described briefly the physical conditions of the island of Islay, then 
in detail the dip, strike, mineral character, and superposition of the stratified rocks, 
in the following order • — 

Ist, The calcareous deposits in the centre of the island, consisting of limestone, 
talcose shale, clf^-slate, and mterbedded qiiartzites, belong to the Lower Silurian 
group. The author remarked that althou^ these calcareous deposits had not yet 
yielded identifiable organic remains, he did not despair, if they were properly in- 
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vestigated; of finding characteristic forms, which would enable ua to place them 
with certainty as the equivalents of the Lower Silurian rocks, so well defined by 
Sir Roderick Murchison as occurnng in Ross and Sutherlandshire. 

2nd The deposits on the eastern side of the island, and skirting the shore of the 
Sound of Islay from Ard-na-huamh on the north to Balleochreoch on the south, 
are of Cambrian age. Although the author has not seen the precise equivalents 
of the OTeemsh-giey micaceous nags, with the felspathic partings found on the north 
side ofBig-Freo-rort Bay, on which we find sun-cracks, rain-prints, and what some 
suppose to bo annelid tuicks or burrows, yet they coincide so well with similar 
rocks, so very cleaily shoivn by Sir Roderick Murchison as occurring in Suther- 
landshiro, wheio their i elation to the infeiior conglomerates is so ably traced, and 
also those described by the late Mr Salter from the Longmynd beds in Wales, that 
if similarity of fos'^il foims aio to govern us in determining the relation of forma- 
tions, then tlio«e stratified rocks exhibited on the shore at Big-Free-Port and to 
Balleochreoch, folding over and surrounding the basic conglomerate mass, can only 
bo placed in a similar stratigraphical position to those referred to by the above 
able authors, thus extcmding our knowledge of Cambrian rocks occurring fur- 
ther south in Scotland than has been hitherto recorded. The author quite agreed 
with Prof. Ramsay m supposing that these rocks were deposited in an inland and 
freshwater lake , and that those cracks are due to the influence of the sun is abun- 
dantly eyident If tlu*y had been deposited in an estuary of the sea, the soft mud 
would not have got time to craclc, as each inflowing tide would have kept the 
matrix sufficiently moist to prevent its sin inking 

.3rd The metamoiphic loclcs on the western extremity of the island, and skirt- 
ing the shores of Lochendah* tor nine miles to the east, and dipping S S.W. or 
nearly at light angles to the plains of stiatification of the preceding deposits, are 
of Laurentian age. They difler so widely both in mineral character and strati- 
graphical aspect from those of the central valley and eastern side of the island, 
that there can be little doubt regarding their proper identification. Their litho- 
logical aspect and mineral character coincides so well with the fundamental Gneiss 
of Suthculandehiie, and designated by Sir Roderick Murchison as of Laurentian 
age, that wo have not the slightest hesitation m identifying those of Islay as be- 
longing to the same period. 

4th. In tlie basic (*onglomerates on the eastern side of the island wo have got 
traces of stiiated rocks imbedded in the mass, although wo are not prepared to 
speak with any degiee of certainty regarding the souice or direction of the materials 
constituting the conglomeiate mass. If, however, we glance at the topographical 
aspect of the Highlands and Island, and compare the imbedded boulders of granite 
witli the gramti'S found m situ throughout the Highlands, we feel the necessity of 
tiacing them to another source, and hope we do not overstep the bounds of prudent 
speculation in suggesting that those eiratics are the reasserted materials of some 
gieat noithein continent that has yielded to the ceaseless gnawing tooth of time, 
leaving those scatteied fragments as the wieckage of its former greatness, and that 
the materials of which the mass is composed have in time, deeper than wo have 
hitherto suspected, been tiansported bv the agency of ice It so, then this is 
another proof that we aie not in a position to limit the agency of ice to any single 
period ot our earth’, ^ histoiy. 


Achhtiov^ to the Fossil Ferkhrate Fauna of Bunlieliouse, near Fdlnhur<jli. 

B)j Prof. TiuquAiR, 


On the Structure of the Bictyoxylons of the Coal-measures* 

By Professor W. C. Williamson, F.B.S* 

Professor W 0. Williamson referred to Mr. Binney’s original description, in 
180G, oi Dado lyhn Oldhanmim, and to his own subsequent paper, in which he se- 
parated his new genus Dictyoxylon from the Dadoxylons. lie then described thd 
loimer genus in detail, commencing with D. Oldhamium, In this plant there was 
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a contra! medullary axis of cellular tissue with several detached longitudinal 
bundles of vascular tissue at its circumference. Outside this is a lax ligneous zone, 
to the inteiior of which the bundles just referred to are adherent. The vessels of 
the ligneous zone are reticulated, and arranged in radiating series, the radiating 
laminte bein^ separated at very freq^uent intervals by thick cellular medullary rays, 
consisting of numerous vertical senes of cells External to the woody zone is a 
very thick and characteristic bark, the inner portion of which is loosely cellular, 
but the exterior has a different structure. It consists of a combination of cellular 
parenchyma and dense elongated prosenchyma, the latter appearing in tlie trans- 
verse section as a series of dark bands, radiating at varying angles from the inner 
to the epidermal layer of the outer bark. Vertically these prosenchymatous bands 
are prolonged as layers, which extend upwards and downwaids in a wavy manner, 
alternately approacning and receding from one another, so that a tangential section 
exhibits a series of lenticular areolae whose longer axes correspond with that of the 
stem. The outermost bark -layer appears to be a cellular epidermal tissue, which 
has probably supported external appendages, either scales or leaves In the inner 
layer of the baik we see a series of variously developed \ oscular bundles which 
sprmg as branches from the ligneous zone, but which ascend for a considerable 
distance without escaping through the bark, whilst a second senes of branches are 
given off in like manner, but which at once perforate the bark m their passage out- 
wards. This plant is from the lower coal-measures of Lancashire and Yorkshire. 

A second form of Dictyoxylon, to which the author gives the name of D. i adicatts, 
has evidently been a branching root which has been traced continuously into its 
ultimate rootlets. This plant has no pith, and its compact woody zone, consisting 
of reticulated vessels, is furnished with medullary rays of a much simpler con- 
struction than those of JD. Oldhamitun. They are not unfroquently represented in 
the tangential section by a single cell , and there are rarely more than five or six 
such cells in each vertical pile The baik consists of parenchymatous cells arranged 
in rows perpendicular to the surface This is also a Lancashire form 

A third species of Dictifoxylon discovered in beds of the lower Carboniferous 
series of Burntisland is named D Gnemi after its discoverer, Mr. Grieve Its 
central axis is much deranged, lesembling the Jleta angium pm adoxurn of Corda; 
but several specimens have occurred showing that there was a central vascular axis 
surrounded by a lax radiating ligneous zone, which in turn was inv ested by a re- 
markable cellular bark, which exhibited, both in radiating and tangential sections, a 
characteristic series of parallel horizontal lines, resulting from a peculiar condition 
of the cellular parenchyma at the points where they exist As m D Oldhami^tnif 
vascular bundles ascend through the inner bark. The plants described were con- 
nected by the author with some large casts of bark from the Coal-measures, some ot 
which have been described as Sagenaiioi and Lyginodendra. These specimens hav e 
upon their surface elongated lenticular scars arranged as in Lepidodendt on , but 
usually much more elongated in a vertical diiection than in tliat genii'*, and alwavs 
lacking the central spots marking the issue of vascular bundle'' These areolce are 
not leaf-scars, but casts of depressions m the outer suiface of the bark from which 
the epidermis was removed, and whicli conespond with the spaces enclosed by the 
sinuosities of the prosenchymatous layers. The functional uses of these areolae are 
undetermined, and there is as yet much uncertainty as to the true affinities of the 
genus. _ 


On the Structure 0 / Diploxylon, a Plant of the Carhontferons Pods. 
By Piofcssor W. C. Williamson, F.P.S. 


0^1 the Discovery of a new and very perfect Arachnide from the Ironstmie oj 
the Dudley Coal-field. By Henry Woodward, F.G.S., F.Z.S , ^c., of the 
British Museum. 

The Penny-stone Ironstone of the Coalbrook Dale Coal-field has long been cele- 
brated for yielding, when the nodules are split, impressions of leaves of ferns, 
Zepi dost} obi and other fruits, King-crabs, and the rare remains of Insects. 



TRANSACTIONS OV THE SECTIONS. 


113 


A recently discovered and very perfect specimen of the so-called Curcttitoides 
Prestvicu of Biipldand (lii^ured in liis ‘ Bridj^ewater Treatise,’ pi. 46", fig’. 2), fiom 
Dudley, proves this insect to have been one of tlie “ False Scoipions,” nearly related 
to the living genus l^hnjmib, and not a Coleopterous insect as supposed by Samouelle. 

The specimen is so preserved as to expose its dorsal and ventral aspect each 
distinctly preserv ed upon the two linlves of the nodule , the former richly orna- 
mented with ro^\ s and rosettes of tubercles, and the latter showing the smooth 
segmented under-suiface of the body beanng the tracheal openings. The hinder 
border bears four short and stout spines. Four pairs of legs are seen, whose wedge- 
shaped basal joints meet beneath the cephalothorax, which is very tumid, and has a 
rather prominent rostrum, probably giving rise to Mr. Samouelle’s mistake of calling 
it a Cu) cuho Mr. Woodwaid proposed to name this new genus of ‘^false scorpions ” 
EophrynKs, retaining the name Cm cuhoides for C. Amlicn, another example which 
ma^ truly belong to the llhymhojdio) a. There are now 44 insects known and de- 
scribed nom the Coal-measuies, namely 8 Arachmda, 5 Myriapoda, 3 Coleoptera, 
13 Oithoptera, 14 Nouroptera, and a doubtful Lepidopterous insect. 


lleVics of the Carhoniferous and other old Land-surfaces. 

By Henry Woodward, F.G.S., F.Z.S. 

Whilst admitting that dining particular eras circumstances may have favoured 
the development of special groups of organisms, which in consequence flourished 
in greater abundance than the rest, the author depiecated the idea of the preva- 
lence of peculiar conditions at any time since the advent of oiganic life on the 
globe. 

Although in the eailier Palncozoic locks we have little or no evidences of land, 
yet the fact of stratified deposits being formed at the bottom of the sea is positn e 
evidence of the waste of neighbouring land-sui faces, which must have been always 
in existence. And fuither, if conditions in the sea were favouiable to the de- 
velopment of abundance of animal life, those on the land weie in all probability 
equally so 

Mr. Woodwaid referred to the abundance of evidence of land-surfaces every- 
where, both in (^uateinaiy and in Tertiaiy times, the former differing but little, 
save in the geogiaplncal distribution of its fauna, fiom that of the present day, the 
latter difleiiiig more and more from the existing fauna and flora, and also in its 
relation to existing land'^ When, howevei, the base of the Tertiaries is reached, 
the land-suifaces aio divided by greater maiine accumulations, nevertheless wi* 
find, both m ban ope and Ameiica, fieshwatei depo'^its with lemains of land-plants 
and animals often in iich abundance Fven the truly maiine deposits (such ns tlu‘ 
Chalk) testify to the piesenee ot land by the ^o^^sll icmains of Pteiodactyles, Che- 
lonne, and other shoie-dwelling leptiles 

INIr Woodwaid instanced tin' Wealden bods, the Purbeck limestone, and Oolitic 
plant-shales as afloiding abundant pioofs of Meso/oic lands, whilst tiuly maiiiie 
accumulations (such as the JSoleiihofeii limestone) contain swarms of insects, filing 
lizaids, and a tine bud, with blanches of Conifeiie and other tiees to tell of a land- 
fauna adjacent to its vvateis 

The aiithoi noticed the eailiest mammals found in the Tiiassic bone-beds of 
Stuttgait and Homei&et, and the npple-marked slabs coveied with bird-like tracks 
and Labjiinthodont foot-niaiks, telling of the denizens of the old Tiiassic sea- 
shores and lakes 


lie next desciibed the coal-peiiod, with its stoics of land-plants and Reptilia, 
both aquatic and terle^tllal, its insects and mollusca lie contiovertcd the argu- 
ments of Dr ’r Steiiy Hunt as to the exceptional condition of the atmosphere of 
the Coal-peiiod, and showed that the presence of animal life disproved the existence 
of an atinospheie charged with cai borne acid gas, and that plants would not be 
benefitted thereby, as Dr Hunt supposed. 

With respect to the wide distiihution of coal, Mr. W^oodward pointed out that 
it was not necessary to assume that all coal was formed throughout the world duiiiig 
one and the same epoch, but, on the contrary, ho showed that coal might be alike as 
regards its fauna and flora, and yet of very widely diflerent ages. 

1871 . ■ 8 *• 
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He advocated the formation of coal from the slow but sure accumulation of peat- 
growth, as that mode of conservation of vegetable matter was proved to be the 
most certain to yield pure hydrocarbons such as we find the coal to consist of, wn- 
mixed wvth foreign matter. Such pure accumulations could not (in the opinion of 
the author) be formed in river-valleys, deltas of great rivers, or in marine swamps 
and marshes, but on wide plains covered with a thick vegetation, and tending, by 
its clayey soil, to check drainage and produce peat-growth. 

Mr. Woodward referred to the discoveries of Devonian land-plants and insects 
by Dr. Dawson in North America, and to the occurrence of seed-spores of land- 
plants in Silurian strata , he suggested that the \ eins of Graphite may be accepted 
as evidence of old coal-seams, alteied by heat and pressure and that the oil- 
springs in the Silurian rocks may be due to the destiiictive distillation of old coal- 
beds 111 Nature’s own letort. 


BIOLOaY. 

Address hj Dr. Allen Thomson, F.R.SS. L. ^ E , Professor of Anatomy in the 
University of Glasgow, President of the Seeiion. 

In now opening the Meetings of the Biological Section, it is my first duty to ex- 
press my deep sense of tlie honour •winch has been confeiied upon me iii appointing 
me to preside over its dclibeiations I tiust that my gi'atelul acceptance of the 
office will not appear to be an assumption on my part of moie than a partial con- 
nexion -with the very wide held of scnuice included under the teim Biology. I 
should gladly have embiaced the oppoitunity now afforded me of conforming to a 
custom which has of late become almost the mb' with the Ihesidcnts ot Sections, 
viz that of bringing iiiidei jour leview a notice ot the moie \aluable discoveries 
with which our science has been ennched in leccnt times, weie it not that the 
subjects which I might ha^e bt'cn disposed to select would requiie an amount of 
detail in e .ch which would nece^saiify limit gieatly their number, and that any 
attempt to overtake the whole range of this widespread depaitment of science, 
even in the most general remaiks, would be equally presumptuous and futile on the 
pait of one whose attention lias been restiicted mainly to one of its divisions I 
am further embarrassed in the choice of topics for general remaik by the ciiciim- 
stance that many of those upon which I might have ventured to address you have 
been most ably treated of by my predecessoi-s, as, for example, in the Sectional 
Addresses of l)r Acland, Dr Shaipey, Mr Berkeley, Di. Ilumphiy, and Dr Bol- 
leston, as well as m the Geneial Presidential Addresses of Di. liooker and Pro- 
fessor Huxley I must content mjself, therefore, with endeavouring to convey to 
you some of the ideas winch arise m my mind in looking back fioni the present 
upon the state of Biological Science at the time when, foity yeais since, the Meetings 
01 the Biitisli Association commenced — a period which I am tempted to particu- 
larize from its happening to coincide very neaily with that at which I began my 
careei as a public teachei in one iif the departments of Biology in this city In the few 
remarks winch I shall make, it will be my object to show the prodigious advance 
which has taken place not onlv in the knowledge of oui subject as a whole, but 
also in the ascertained relation of its paits to each other, and in the place whicli 
Biological knowledge has gamed in the estimation of the educated part of the com- 
munity, and the consequent increase in the freedom witli which the search after 
truth 18 now assorted in this as in other depaitments of science. 

And first, in connexion with the distribution of the vaiious subjects which are 
included under this Section, I may remark that the general title under which the 
whole Section D has met since 18 ( 3 G, viz Biology, seems to be advantageous both 
from its convenience, and as tending to promote the gi’eater consolidation of our 
science, and a juster appreciation of the relation of its several parts. It may be 
that, looking merely to the derivation of the term, it is strictly more nearly synony- 
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mous with physiologv in the sense in which that word has been for a long time 
employed, and therefore designating the science of life, rather than the description 
of the living beings in which it is manifested But until a better or more compre- 
hensive term be found, we may accept tliat of biology under the general definition 
of “ the science of life and of living beings,” or as comprehending the liistory of the 
whole range of organic nature — vegetable as well as animal The propiiety of the 
adoption of such a general term is fuither shown by a glance at the changes which 
the titles and distribution of the subordinate departments of this Section ha\ e under- 
gone during the period of the existence of the Association 

During the first four years of this period the Section met under the combined 
designation of Zoology and Botany, Physiology and Anatomy — words sufficiently 
clearly indicating the scope of its subjects of investigation In the next ten years 
a connexion with Medicine was iccognized by the establishment of a subsection 
or department of Medical Science, in which, however, scK'iilific anatomy and phy- 
siology formed the most prominent topics, thougli not to the ovclusioii of more 
stiictly medical and surgical or professional sub)ecls Duiing the next decade, or 
fioiii the year 1845 to 1854, we find along with Zoologv and Botany a subsection 
of Physiology, and in several yeais of the same time along with the latter a separate 
department of Pthnoloo'y In tlie eleieii yeais ivliich ('xtendi'd fiom 1855 to 18(36, 
the branch of liltliiiology ■was associated with (Jeogiaph> m (Section E More re- 
cently, 01 since tlie airangeiiKuit which was commeiua'd m 18(3(3, the Section 
Biology has included, ivith some slight variation, the ivhole of its subjects in three 
departments Under one of these aie hiought all m\ esligations in Anatomy and 
Physiology of a geiieial kind, thus cmbiaeing the \\ hole range of these sciences 
when without special application A second of these dc'paitments has been occu- 
pied with the extonsi\e subjects of Botany and Zoology , while tlie thud has been 
devoted to the subject of Anthiopology, m which all restaiiches having a special 
reference to the stiuotuie and functions oi lifc-histoiy of man have been received 
tUiid discussed >Such 1 understand to be the arrangement under which we shall 
meet on this occasion At the conclusion of my lemaiks, tlnnetore, tlie depart- 
ment of Anatomy and riiysiology will remain with me in this room, while that 
of Zoology and Botany, on the one liand, and ot Anthropology on the other, will 
ad]ourn to the apaitmeiits which ha\e been provided for them lespectively. 

With regard to the position of Anthropology, as including Ethnology, and com- 
prehending the whole natural histoiy of man, tlnue may be still some diffeiences 
of opinion, according to the point of mow fiom which its phenomena are regarded : 
as by some they may be Mewed chiefly m i elation to the bodily structure and func- 
tions ot individuals or numbeis of men, oi as by others they may he considered 
more directly with leferenco to their natu)nal ehaiactcr and history, and the affini- 
ties of languages and customs , or by a third set ot inquirei'^, as beaiing more im- 
mediately upon tlie origin ot man and liis lelation to animals As the first and 
third of these sets of topics entnely belong to Blolog^, and as those paits of the 
second set which do not pioperly fall undei that hiani h may with propriety find a 
place under (leogiaphy or Statistics, I feel inclined to adheie to the distinct recog- 
nition of a depaitmont of Anthiopology, in its present foirn , and I think that the 
suitableness ot tins anangenient is apparent, fiom the nature and number of the 
appropi late reports and commumcatious which have been leceived under the last 
distiibutioii of tlie subjects 

The beneficial intiueiice of the British Association in promoting biological re- 
Bcarch is sliowm by the tact that the number of the commuincations to the Sections, 
received annually has been nearly doubled in the couise of the last twenty years. 
And this iiitiuence has doubtless been mateiiall;y assisted by the contributions in 
money made by the Association m aid of various biological m\ostigations; for it 
appears that, out of the whole sum of iieaily £44,500 contiibuted h'v the Associa- 
tion to the promotion of scientific icsoaich, about £2^00 has been devoted to biolo- 
gical purposes, to which it would ho fan to add a pait at least ot the grants for 
Balieontological researches, many of which must bo acknowledged to stand m close 
relation to Biology. 

The enormous extent of knowledge and research in the vaiious departments of 
Biology has become a serious impediment to its moie complete study, and leads to 
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the danger of confined view^ on the part of those whose attention, from necessity 
or taste, is too exclusi\ ely directed to the details of one depai tment, or even, as 
often happens, to a subdivision of it It would seem, indeed, as it our predecessors 
in the last generation possessed this superior advantage in the then existing nar- 
rower boundaries of knowledge, that it was possible for them to overtake the con- 
templation of a wider field, and to follow out researches in a greater number of the 
sciences. To such combination of varied knowledge, united with their transcen- 
dent powers of sound geneialization and accurate observation, must be ascribed 
the widespread and enduiing mfluenco of the Avorks of such men as Haller, 
Linnaeus, Cuvier, Von Baer, and Johannes Muller. There are doubtless biilliant 
instances in our own time of men endowed with similar poAvers , but the diffi- 
culty of bunging these poAA'ers into effectual operation m a Avide range is 
now so gi'eat, that, while the amount of lesearch in special biological subjects 
is enormous, it must be reserved for comparatiA'ely few to bo the authors of great 
systems, or of enduring broad and general views which embrace the Avholo range 
of biological science It is incumbent, therefore, on all those who are desiiousof 
promoting the advance of biological knoAvledge to combat the confined views Avhicli 
are apt to be engendeied by the too great lestriction of study to one depai tment. 
IIoweA'er much subdiAision of labour may noAV bo necessary in tlio original inAOsti- 
gatmn and elaboration of neAv facts m our science (and the necessity for such sub- 
division will necessarily increase as knowledge extends), there must be secured at 
first, by a wider study of the general pimciples and some of the details of collateral 
branches of knoAsdedge, that poAver of justly comparing and con elating facts 
which will mature the judgment and exclude partial vieAvs, To refer only to one 
bright example, I might say that it can scarcely be doubled that it is the unequalled 
variety and extent of knowledge, combined Avith the faculty of bringing the most 
varied facts together in new combination, which has enabled Dr. DaiAVin (what- 
ever may be thought otherwise of his system) to give the greate'^t impulse whicli 
has been felt m our own times to the progress’ of biological views and thought; 
and it IS most satisfactory to obseiA’o the efiect Avhich this influence is alieady 
producing on the scientific mind of this countiy, in opposing the tendency pei- 
ceptiblo in recent times to the too lestiicted study of special depai tmonts of natural 
history. I need scarcely lemind you that for the propei investigation and judg- 
ment of problems in physiology, a full knowledge ot anatomy in geneial, and murli 
of comparative anatomy, of histology and embijology, of oiganic chemistiy and of 
physics, IS indispensable as a prelimmaiy to all successful physiological obseivation 
and experiment The anatomist, again, who Avould profess to describe lationally 
and correctly tlie structuie of the human bodv, must haie acquired a knoAvledge of 
the principles of morphology deiived fiom tlie study of comparatue anatomy''and 
development, and ho must have masteied the mtiicaciesof histological lescWch. 
The comparative anatomist must be an accomplished embryologist in the whole 
range of the animal kingdom, or in any single division of it whii li he professes to 
cultivate The zoologist and the botanist must equally found their desciiptions and 
systematic distinctions on morphological, histological, and embiyological data And 
thus the whole of these depai tments of biological science are so inteiAvoven and 
united that the scientific investigation of no one can nowbe regaided as altO"ether 
separate from that of the otheis It has been the woik of the last forty yeais to 
bring that intimate connexion of the biological sciences moie and moie fully into 
prominent view, and to infuse its S])irit into all scientific investigation But aaIiiIc 
m all the departments of biology prodigious advances have been made, there aie 
two more especially which merit paiticular mention as having almost taken their 
origin within the ])eiiod I now refer to, as having made the most lapid progix'ss in 
them'-elves, and ns having influenced most powerfully and widely the piogiess of 
discovery, and tlie views of biologists in other departments— I mean Histoloo-v and 
Embryology. 

I need scarcely remind those present that it was only VAdthiii a few yeai s before tlie 
foundation ot the Biitish As-iociation that the suggestions of Lister in regard to 
the construction of achromatic lenses brought the compound microscope iiito such 
a state of mipiovement as caused it to be restored, as I niiglit say, to tlie place 
which the more imperfect instiumont had lost in the previous century. The re- 
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suit of lliis restoration became apparent in tbe foundation of a new era in the 
hnoAvledge of the ininuto cliaracters of textural structure, under the joint guidance 
of llobeit Ihown and Ehrenbero, with contributions trom many other observers, 
so as at last to have almost entitled this biaiich of inquiiy to its designation, 
by Mr. lluxlcy, ot the exhaustive investigation of structural elements. All who 
hear me ai*e awaie of the influence which, from IH.'IO onwaids, the lesearches of 
Schwann and Sclileiden exeited on the progiess of Histology and tlio views of 
anatomists and physiologists as to the structuie and development of the textures 
both of plants and animals, and the prodigious increase which followed in varied 
microscopic obseuations It is not for me here even to allude to the steps of that 
rapid progress by which a new biaiich of anatomical science has been created , nor 
can I ventuie to enter upon any of the interesting questions presented by this de- 
paitment of micioscopic anatomy; nor attempt to discuss any of those difiicult 
pioblems possessing so much interest at the present moment, such as the nature of 
tlie organized cell or the properties of protoplasm I would only lemark that it is 
now very generally admitted that the cell- wall (as Schwann indeed himself pointed 
out) IS not a constant constituent of the cell, nor a source of new production, 
though still capable of consideiable structural change after the time of its first 
foimation. The nucleus has also lost some of the mipoitance attached to it by 
Schwann and his eailier followeia, as an essential constituent of the cell, while 
the piotoplasin of the cell lemams m undisputed possession of the field as the more 
iiiiniediate seat of the phenomena of giowtli and organization, and of the contrac- 
tile property winch foima so lemaikable a feature of then substance 1 coidially 
agiee with much of what Mi Huxley has wiitten on this subject m 3853 and 
IStit) The teim physical basis of life may peihaps be m some lespcct objection- 
able , but I look upon the recognition of piotoplasin which he has enfoiced as a 
most impoitaiit step in the leceiit piogiess ot histology, adopting this general 
term to indicate that pait of the oigani/ed substance of plants and animals w'hicli is 
the constant seat of tlie giowung and moMiig poweis, but not implying identity of 
natuie and propel ties m all the vaiiety of circumstances mwdnch it may occur. To 
Haeckel the fuller history of piotoplasin in its lowest foims is due To ])i. Beale 
we ow’C the minutest and most leceiit investigation of these properties by the use of 
magmfying-powi'is beyond any that had pieviously b('en known, and the success- 
ful emploMuent of leagents winch appeal to maik out its distinction* fiom the 
other elements of the textuies 1 may lemaik, how^evei, m passing, that T am 
inclined to legaid coiitiactile piotoplasin, whether vi'getable or animal, as in no 
mstaiice eiitiielv amoiphous oi hoiiiogem'ous, but lathei as alwajs piesentiiig some 
minute niolecidai stiuctuie which distinguishes it fiom pait.s of glass} clearness. 
Admitting that the foim it assumes is not necess.nily that of a legulai cell, and 
may bi'vaiious and iiiegulai m a few exceptional inst.uue^, 1 am not on that ac- 
count disposed to give up definite stiuctuie as one ot the umvinsal chaiacteiistics 
of oiganization 111 living bodies I would also suggest that the teiins foimative 
and non-forniative, or sonu* other such, would be pitderable to those of “ living and 
dead,” emplojed by Dr Beale to distinguish the piotoplasin fiom the cell-wall or 
its deiivatives, as these lattei teinis aie liable to iiitiocluce confusion 

To the discoveries in enibi}ology and development 1 might have been tempted 
to reler moio at huge, as being those which liavo had, of all modem leseaich, 
the gieatest efiect in extending and modifying biologu al vievcs, but I am 
warned fiom enteiiiig upon a sub]ect in which I might ticspass too much 
on your patience. The merits of Woltf as the gieat leader in the accurate ob- 
seivatiou of the phenomena of development weio cleaily pointed out by Mi 
Huxley m his picsidential addiess of last year. Vndei the influence of Dollinger’s 
teaching. Bander, and afteiwaids Buikinje, Von Baei, and Bathke, established 
the foundations of the modern histoiy of embrvology It was only in the year 
1827 that the ovum of mammals was discoverec\ by Von Baer, the segmentation 
of the yelk, fiist observed by Prevent and Dumas in the frog’s ovum in 1821, was 
asceitamed to be geneial in succeeding }eais , so that the whole of the interesting 
and impoitant additions which have followed, and have made the histoiy of em- 
bryological development a complete science, have been included within the eventful 

* Under the appropriate name of “ bioplasm,” 
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period of the life of this Association. I need not say how distinguished the Germans 
nave been by their contributions to the history of animal development. The names 
of Valentin, K Wagner, Bischoff, Reichert, Kolliker, and Remak are sufficient 
to indicate the most important of the earlier steps m recent progress, without at- 
tempting to enumerate a host of others who have assisted m the great work thus 
founded. 

I am aware that the mere name of development suggests to some ideas of a 
disturbing kind as being associat'd with the theory of evolution recently pro- 
mulgated. To one accustomed dining the wliole of his career to trace the steps by 
which every living being, including man himself, passes from the condition of an 
almost imperceptible geim, through a long series of changes of form and structure 
into their perfect state, the name of development is suggestive rather of that which 
seems to be the common history of all living beings , and it is not wonderful therefore 
that such a one should regard with approval the more extended view which sup- 
poses a process of development to belong to the whole of nature. How far that 
principle may be carinnl, to what point the origin of man oi any animal can by facts 
or reasoning be traced in the long unchionicled history of the world, and whether 
living beings may arise indc'pendently of parents or germs of previously existing 
organisms, or may spiing tioin the diu'Ct combination of the elements of dead mat- 
ter, are questions still to be solved, and upon which we may expect this Section to 
guide the hesitating opinion of the time I cannot better express tin' state ot 
opinion in which I find nivself in regard to the last of these problems, than by 
quoting the words of IhofeS'^or Huxley fiom hia address ot last year, p Ixxxiii — 
But though I cannot express this conviction of mine too strongly [vi/ that 
the evidence of the most careful expeiiments is opposed to the occuiTenci' of spon- 
taneous generation], I must carefully guard myself against the supposition that I 
intend to suggest that no such thing as abiogenesis over has taken place in the 
past, or over will take place in the futuie With oiganic diennstry, molecular 
physics, and ph}siology yet in their infancy, and every day making prodigious 
strides, I think it would be the height of piosinnption tor any man to say that the 
conditions under vvdiich matter assumes the piopeities we call ‘vital,’ may not, 
some day, be artificially brought together.” And again, “If it were given mo to 
look beyond the abyss of geologically lecoided time to the still more lomoto 
perj^pd when the eaitli was passing through pliysical and chemical conditions, 
which it can no inoio see again than a man can recall his infancy, I should expect 
to bo a witness of the evolution of living protoplasm fiom not living matter ’’ I 
will quote further a few wis(' woids from the discourse to which many of you 
must have listened last evening with admiiation Sir William Thomson said — 
“The essence of science, as is well illustiated by astronomy and cosmical physics, 
consists 111 iiifeiring anteced('nt conditions^ and anticipating future evolutions, from 
phenomena which have actually come under observation. In biology, thi' <liffi- 
culties of successfully acting up to this ideal aio prodigious Our code of biologi- 
cal law is an expression of oui iguoiance as well as of our Knowledge ” And 
again, “ Seaicli for spontaneous generation out of inorganic materials, let any one 
not satisfied with the puiely negative testimony of which wm have now so much 
against it, throw himself into the inquiry Such investigations as those of Pas- 
teur, Pouchet, and Bastian are among the most interesting and momentous in the 
whole range of natural history, and their results, wdiether positive or negative, 
must richly reward t^'c most careful and laboiious experimenting ” 

The consideration of the finest discoverable structures of the oiganized parts 
of living bodies is intimately bound up with that of then chemical composition 
and properties. The progress which has been made in organic chemistry be- 
longs not only to th(' knowledge of the composition of the constituents of or- 
ganized bod es, but also to the manner in which that composition is che- 
mically viewed. Its peculiar feature, especially as related to biological inves- 
tigation, consists m the results of the introduction of the synthetic method 
of research, which has enabled the chemis^ to imitate or to fonn aitificially 
a greater and gi cater number of the organic compounds. In 1828 the first of 
these substances was formed by Wohler, by a synthetic process, as cyanate of 
ammonia. But still, at that tunc, though a few no doubt entei tamed juster views. 
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the opinion generally prevailed among chemists and physiologists that there was 
some great and fundamental diflerence in the chemical phenomena and laws of 
organic and inorganic nature. Now, however, this supposed barrier has been in a 
great measure broken down and removed, and chemists, with almost one accord, 
regard the laws of combination of the elements as esstmtially the same in both 
classes of bodies, whatever ditfeionces may exist in actual composition, or m tho 
reactions of organic bodies in the more complex and often obsciuo conditions of 
vitality, as compared with the simpler and, on the whole, bett('r known pheno- 
mena of a chemical nature observed in the mineral kingdom Thus, by the syn- 
tliotic method, tlieio ha'vo been formed among tho simpler organic compounds a 
great number of alcohols, hydiocaibons, and fatty acids But the most lemaikablo 
example of tho synthetic formation of an oiganic compound is tliat of the alkaloid 
conia, as recently obtained by Hugo SchiH’ by ceitain leactions fiom butyric 
aldehyde, itself an artificial product. The substance so foimed, and its com- 
pounds, possess all the propeities of tho natuial ( oiiia — chemical, physical, and 
physiological — being equally poisonous ivith it The colouiiiig-iiutter of madder, 
or alizaiine, is anothei oiganic compound which has bemi loimed liy artificial 
processes It is tiue that the oioamzed or containing solid, cither of \egotable or 
animal bodiei, has not as yet yielded to the ingenuity of chemical artifice, nor, 
indeed, is the actual composition of one of the most impoitant of these, albumen 
and its allies, fully known But as chemists ha\ e only recently begun to discover 
the track by which they may be led to the synthesis of organic compounds, it is 
warrantable to hope that eielong cellulose and lignino may be foimed, and, great 
as tho difliculties with legaid to the albumenoid compounds may at present 
appear, the synthetic formation of these is by no means to be despaired of, out, on 
the central y, may with confidence be expected to ciown tlnur efforts Brom all 
recent roseauh, tlieiefore, it appears to result that the general nature of tlio 
properties belonging to tho products of animal and vegetable life can no longer bo 
regarded as difleKUit fiom those of muieials, m so far at least as they are the 
subject of chemical and physical investigation Tlie union of elements and tlieir 
separation, whether occurring in an animal, a vegotahh', or a mineial body, must 
bo looked upon as dependent on innate powers oi piopeities belonging to the 
elements themselves, and tlie plienomcna of change of composition of organic 
bodies occurimg m tho li\ing state are not the less chemical because thev are 
different f 'om tlioso observed in inorganic nature. All chemical actions are iiflblo 
to vary according to tho conditions in which tliey occur, and inanyTnstances 
might be adduced of most lemaikabh' caiiations of tins kind, observed in the che- 
mistry of dead bodies fiom veiy slight changes of electiical, caloiihc, mechanical, 
and other conditions But because the conditions of at tion or change are infi- 
nitely moi'o comph'x and far less known m living bodies, it is not necessary to 
look upon the phenomena as essentially of a diileient land, to have lecmuse to 
the hypothesis of vital afhmties, and still less to shelter ouiselves undei the slim 
curtain of ig-norance implied in the exjdamition of the most vaiied chemical 
changes by the mduenco of a vital pimciple 

On the subjects of zoological and botanical classification and antliropology, it 
would be out of place foi me now to make any observations at hmgth. I will 
only remark, in legaid to the lust, that the peiiod now under icvievv has wit- 
nessed a vciy gieat modification in the aspect in which flic aHinitic? of the bodies 
belonging to these two gieat kingdoms of natuic aic viewed by natnialists, and 
the piinciplcs on which groups of bodies in each are associated together in syste- 
matic classification , foi, in tho fiist place, tho older view has been abandoned that 
the complication of structure rises in a continually increasing and continuous gra- 
dation from one kingdom to the other, or extends in one line, as it vv^eie, from gioup 
to group in either of the kingdoms separately. Evolution into a gradually in- 
creasing complexity of structure and function no doubt exists in both, so that 
types or general plans of formation must he acknowledged to exist, presenting 
typical resemblances of the deepest intciest, but in the progiess of moi'phological 
research it has become more and more apparent that the different groups form 
radiations, which, toi ch one another atceitain points of greatest resemblance, rather 
than one continuous line, oy a numbcf of lines which partially pass each other. The 
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siinDler bodies of the two kingdoms of nature exhibit a gradually increasing re- 
semblance to each other, until at last the difteiences between them wholly disap- 
pear, and we reach a point of contact at which the properties become almost in- 
distinguishable, as in the remarkable Pi otista of Haeckel and others. I fully agree, 
however, with the view stated by Professor Wy\ille Thomson in his recent intro- 
ductory lecture, that it is not necessaiy on this account to recognize, with Haeckel, 
a thud or intermediate kingdom of nature. Each kingdom presents, as it were, a 
radiating expansion into groups for itself, so that the relations of the two king- 
doms might be represented by the diveigence of lines spieading m two different 
directions fioni a common point, llecent observations on the choida dorsalis, or 
supposed notochord, of some Ascidians, tend to revive the discussion, at one time 
prevalent, but long in abeyance, as to the possibility of tiaciug an homology be- 
tween the vertebrate and mveitebrate animals; and, should this coirespondence be 
confiinied and extended, it may be expected to modify greatly our pieseut views 
of zoological aflimties and classification. It will also be an additional pi oof of the 
importance of minute and embryological lesoaich in systematic determinations. 
The lecogmtion of honiolo^cal resemblance of animals, to which in this countiy 
the lesearches of Owen amt Huxley have contributed so largeH, foim one of tlie 
most Intel eating subjects of contemplation in the study of compaiative anatomy 
and zoology in our time, but I must icfiaiii from touching on so seductive and 
difficult a subject. 

There IS another topic to which I can lefer with ph'asuic as connected with the 
cultivation of biological knowledge in this countiv, and tliat is tlie mlioductioii 
of instruction in natural science into the system of education of oui schools. As 
to the feasibility of this m the pnmary schools, I believe most of those who 
are intimately acquainted with their management have cxpiessi'd a decidedly 
favourable opinion — it being found that a portion of the tinn 5 now allotted to the 
three great lequiaites of a piimaiy education might with advantage be set apart, 
for the puipose of instiuctiiig the pupils in subjects of common mteiest, calculated 
to awaken in their minds a desire for knowledge of the vaiious objects presented 
by the field of nature aiouiid them As to the benefit which may lesult fiom this 
measure to the persons so instiucted, it is scaicelv necessaiy foi me to say an v thing 
in this place. It is so obvious that any vaiitd knowledge, however easily acquned 
01 elementary, which tends to enlaige the lange of observation and thouglit, must 
have some eflect in removing its lecipieiits fiom giosser influences, and may oven 
f^ppply information whicli may piove useful m social economy and in the occupa- 
tions of labour Nor need I point out hovv'^ much moie extended the advantages 
of such iiistiuction may prove if intioduced into the system of our secondaiv'’ 
schools, and moie fieelj combined than heietofoie with the too exclusively 
literaiy and philosophical study which has so long pievailed in the appioved 
Jlritish education. Witliout dispaiagement to those modes of study as m them- 
selves necessaiy and useful, and excellent means of disciplining the mind to leain- 
in^, I cannot but hold it asceitam that the mind which is entiiely without scion- 
tihc cultivation is but half prepared for the common puiqioscs of modern life, and 
IS entirely unqualified for foiming a judgment on some of the most diflicult and 
yet most common and impoitant questions of the day, affecting the interests of the 
whole community. I refer with ple.xsine to the published Essay of Dr. Lankester 
on this subiect, and to the arguments addiessed two days ago by Dr Bennett to 
the medical gi’aduates of the Uinrveisity, in favoiii of the establishment of physi- 
ology as a subject of geneial education m this country with reference to sanitaiy 
conditions It is gratify mg, therefore, to peiceive that the suggestions made some 
years ago in regaid to this subject by the British Association, thiough its com- 
mittee, hav'e already borne goodfiint, and lliat tlie attention of those who preside 
overeducation in this countiy, as v\ell as of tlie public themselves, is moie eainesLly 
directed to the object of securing for the lowc'st as well as the highest classes of 
the community that wholesome combination of knowledge derived from education, 
which will duly cultiv ate all the faculties of the mind, and thus fit a greater and 
greater number for applying themselves with increased ability and knowledge to 
the purooses of their living and its improved condition. If the law of the survival 
of the uttest be applicable to the mental as well as to the physical impiovement 
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of our race (and who can doubt that in some measure it must be so P), we are bound 
by motnes of interest and duty to secuie for all classes of the people that kind of 
education which will lead to the development of the highest and most varied 
mental power And no one who has been observant of the lecent progress of the 
useful arts and its influence upon the moial, social, and political condition of 
our population, can doubt that such education must include instruction in the 
phenomena of external natuie, including, more especially, the laws and condi- 
tions of life and health , and that it ought to be, at the same time, such as will 
adapt the mind to the leady acquisition and just compiehension of v aried knowledge. 
It 18 obvious, too, that while this more immediately useful or benelicial eilect on 
the common mind may be produced by the diftusion of natural knowledge among the 
people, biological science will share in the gam accruing to all branches of natural 
science, by the greater favour which will be accorded to its cultivators, and the 
increased freedom from prejudice with vv'hich their statements are received and 
consideied by learned as well as by unscientitic pi'rsons. 

I cannot conclude these observations withodt adverting to one aspect m which 
it may be thought that the appreciation’of biological science has taken a letiogrado 
rather than an advanced position In thu, I do not mean to lefer to the special 
cultivatois of biology in its scientiiic acceptation, but to the fact that there ap- 
pears to have taken place of late a coiisideiable iiicieaso in the number of peisoris 
who believe, oi who imagine that they believe, in the class of phenomena which 
are now called spiritual, but which have been known, since the exhibitions of 
Mcsiner, and, indeed, long before his time, under tlie most varied forms, ns liable 
to occur in peisons of an imnginative tuiii of mind and peculiar lu'rvous suscep- 
tibility It is to be legrettcd that a number of peisons devote a large share of 
then time to the piactice (foi it does not deserve the name of study or investiga- 
tion) ot tlie alleged phenomena, and that a few men ot acknowledged leputatiou 
ill some departments of science have lent then names, and suiiendeied their 
judgment, to the countenance and attempted authentication ot the delusive dreams 
of the practitioners of spiiitualism, and similar chimerical hypotlu'ses. The natu- 
ral tendency to a belief m the maivellous is suflicieiit to explain the leady accept- 
ance of such V lew's by the ignoiant , and it is not impiobable that a higher species of 
similar credulity may frequently^act vvith^ peisons of gieatei cultivation, should 
then scientific infoimation and tiaming have been of a partial kind It must bo 
admitted, fuitlier, that extremely cuiious and rare and, to those who aie not ac- 
quainted with the nervous functions, appaiently man ellous phenomena, present 
themselves in peculiar states of the neivous system — some of which states may bo 
induced through the mind and may be made moie and more liable to recur, and 
to be greatly exaggeiated by frequent repetition. But making the fullest allowance 
for all these conditions, it is still surprising that persons, otherwise appearing 
not to be ii rational, should entertain a confirmed belief m the possibility of 
phenomena, which, while they aie at variance with the best e'’tablished physical 
laws, have never been brought under pi oof by the evidences of the senses, and aie 
opposed to the dictates of sound judgment. It is so far satisfactoiy, m the mteiests 
ot tiuo biological science, that no man of note can be named fiom the long list of 
tlioioughlv well-informed anatomists and phj siologists, who has not treated the 
belief 111 the sepaiate existence of poweis of animal magnetism and spiiitualism as 
wild speculations, devoid of all foundation in the carefully tested ooseiv alien of 
facts. It has been the habit of the v otaiies of the systems to which I hav e refeired 
to assert that scientific men have neglected or declined to investigate the pheno- 
iiiena with attention and candour , but nothing can be further fiom the tiuth than 
this statement Not to mention the admirable lepoits of the eaily French acade- 
iiiiciaiis, giving the account of the negative lesult of an examination of the earlier 
niesnieiic phenomena by men in every way qualified to pronounce judgment on their 
natuic, I am aware that fiom time to time men of eminence, and fully competent, 
by their knowledge of biological phenomena, and their skill and accuiacy in con- 
ducting scientific investigation, have made the most patient and careful examina- 
tion of the evidence placed before them by the piofessed bcdievers and piactitioneis 
of so-called mesmeiic, magnetic, phrenomagnetic, electrobiological, and other like 
phenomena ; and the result has been unilormly the same in all cases when they 
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were permitted to secure conditions by which the reality of the phenomena, or the 
justice of their interpretation, could bo tested, mz either that, on the one hand, 
the phenomena were not essentially different from those well known to physiologists 
as modifications of the nervous and muscular functions under peculiar mental 
states , or that, on the other hand, the experiments signally failed to educe the 
results professed, or that the experimenters were detected in shameless and deter- 
mmed impostures I have myself been fully convinced of this by repeated ex- 
aminations , and I can scarcely doubt that the same fate awaits the fair scientific 
examination of the so-called spiritualistic phenomena^. But were any guarantee 
required for the care, soundness, and efliciency of the judgment of men of science on 
such phenomena and views, I have only to mention, m the fiist place, the revered 
name of Faraday, and in the next that of my lifo-long friend Br Shaipey, whoso 
ability and candour none will dispute, and who, I am happy to think, is here among 
U'^, ready, from his past experience of such exhibitions, to bear Ins testimony against 
all cases of levitation, oi the like, \^iich may be the last wonder of the day among 
the mesmeric or spiritual pscudo-piysiologists The phenomena to which I have 
at pieseiit referred are in great pait dependent upon natuial principles of the 
human mind, placed, as it would appear, in dangerous alliance with ceitam ten- 
dencies of the nervous system. Tliey ought not to be woiked upon without the 
greatest caution, and they can only be fully understood by the accomplished physi- 
ologist who is also conversant witli healthy and morbid psychology The experi- 
ence of the last hundred years tends to show that, while there aie always to bo 
found persons peculiarly liable to exhibit the phenoniona in question, tliere will 
also exist a certain number of minds pi one to adopt a belief in the maivellous and 
striking in preference to that which is easily understood and patent to the senses ; 
but it may be confidently expected that the diffusion of a fuller and more accurate 
knowledge of physiology among the non-fcienti lie classes of the community may 
lead to a justci appreciation of the phenomena in question, and a icduction of the 
number among them who aie believers in scientilic impossibilities. 


On some new Ewpeibnents relatiw/ to the Orufin of Life, 
By Dr. CnAiiLiOiSr Bastion, F.R.IS. 


On the Action of Heat on Germ-life. By F. Ciucii-Cvlvert, F ]l E 

The question of building ovens for disinfecting purposes, gives the subject of 
this paper more than a merely scientific inteiest, as it tlms becomes one oi'gieat 
practical importance ^Vs it is found that ceitain forms of life can exist when 
exposed to a tempeiature equal to that at which the chairing of oiganic matter 
commences, it is unsafe to assume that the particular forms of life which propa- 
gate certain forms of disease will be destroyed below this temperature. As from 
the nature of the case stoving can only be partially applicable, and as it is at pre- 
sent not pro\ed effective wlieie it is applicable, it is unad\isable to spend public 
money until a greater degiee of certainty is an’ived at 

The experiments described were not, however, undertaken with an intention of 
influencing the settlement of this quest imi, but weie part of a series on the question 
of putrefaction and the development of life. 

It has hitherto been assumed by the advocates of the theory of spontaneous 
generation, that a tempeiature of 212° Fahr, or the boiling-point of the fluid 
operated on, was sufficient to destroy all protopLismic life, and that any life sub- 
sequently observed in such fluids must nave been developed from non-hving 
matter. 

* Tn consequence of several remonstrances made to me smeo tlie address was delivered, 
representing that the phenomena of spiritualism had not yet been subjected to a full 
scientific investigation, I have been induced to alter the two preceding sentences from 
their original into their present form. But I am still of opinion that these phenomena 
belong eesentially to the same class as those of Mesmerism and Electrobiology. 



TRANSACTIONS OF THE SECTIONS. 


123 


To determine this point experiments were made with solution of sugar, hay in- 
fusion, solution of gelatine, and water that had been m contact with putrid meat 

To carry out tlieso experiments, the author piepared a senes of small tubes made 
of very thick well-annealed glass, each tube about 4 centimetres in length and having 
a bore of 5 luillinieties. Tlie fluid to be operated upon was introduced into them, 
and left exposed to the atmosphere for a sufficient length of time for geim-life to 
be largely developed. Each tube was then hermetically sealed and wiapped in 
wire gauze They were then placed in an oil-bath and gradually heated to the 
reouired temperature, at which they weie maintained for half an hoiu 

The sugar solution was prepared by dissolving one part of sugar in ten paits of 
common water, and exposed to the atmosphere all night, so that life mif^it im- 
pregnate it, tlien placed in tubes and allowed to stand tivo dais Sonu' of the 
tubes weie kept without being heated, others heated to 200, 800, 400, and 500° h^ahr, 
respectively. After being kept t\i enty-four days, the contents of the tubes were 
microscopically examined 

In the solution not heated, much life was seen , at 212° a great poitioii of the 
life had disappeaied, at 800° the sugar was slightly charied but the life not en- 
tirely destroyed, while at 400° and 500° the sugar was almost entiiely chaired, and 
no trace of life obseu ed (It is a small black vibiio which resists the high tempera- 
ture, and leiiiams unaflected by all chemical solutions ) 

The hay infusion ivas made by maceiating hay in comnion water for one hour, 
filtering tlu* liquor and leaving it exposed to the atmospheie all night, when it 
was sealed in the small tubes. The icsults were examined twenty-four da}s alter 
being heated 

In this case, as in the sugar solution, life was obscived in the solutions heated 
to 200° and 800° Fahr , while in those heated to 400° and 500° E hie was de- 
stroyed. Ill the solution not heated fungus matter ^^as observed, -while none ap- 
pealed in any of the heated solutions 

A solution of gelatine of such stiength that it remained Inpud in cooling, was 
exposed to the atmospheie foi twenty-four hours, and lutioduced into the small 
tubes which weie sealed and heated The fluids were examined twent}-four days 
after being heated 

The animalcules iii this case were pimcipally of a diffeieiit class to those observed 
ill the twu) pieceding case^, and this class weie injuied at 100° Fiihi At 212° a 
considerable diminution in the amount had taken place, whilst at 800° all hie was 
desti oy ed. 

Water was placed in an open xessel, and a piece of meat suspended in it until it 
became putiid This fluid ivas placed in the usual tubes heated, and the contents 
examined after tw^entv-four day .-5. In this case life wxis still obseic ed at 800° Fahr , 
while at 400° it had di.'^appeared 

As pievious expermnmteis hai o not exposed then solutions to so high a t('nipera- 
tuie as 800° Fahr , the life which they found was due to the de\elopnient of g('rms 
remaining in the fliml. 

Paits ot the putrid meat solutions that had been heated were niixi'd wutli albu- 
men, to ascei tarn wlu'thei they still possessed the power of piopagatiiig life, the 
result being that up to 800° Fahr life and its geims had not been deslioy ed, whilst 
at 400° they had 

Putiid meat liquoi wms exposed for twenty hours to a temperature langmg from 
the freezing-point to 17° below that point. Imnu'diately after melting the ico the 
animalcules appeared languid, and their power of locomotion was gieatlydecieased, 
but in two hours they appeared as energetic as befoie. 


On Sj)OHtaneous GerieratLon, or Protoplasmic Lije, 

Jhj F. Crach-Calyert, F.K.S. 

The publication of Dr. Tyndall’s paper on the abundance of geim-life in the at- 
niospheie, and the difficulty of destroying this life, as well as other papers pub- 
lished by eminent men of science, suggested the inquiry if the genns existing or 
produced in a liquid m a state of fermentation or of putrefaction coiyld be conveyed 
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to a liquid susceptible of cnteiing into these states ; and during the inquiry somo 
tacts w'eie obseived Avhich I wish now to lay before you. 

The liistis the rapid development of germ-life If the white of a ncw-laid egg 
be mixed with water (free fiom life), and exposed to the atmosphere foi only tifteeii 
minutes, in the months of August or September, it will show life in abundance ; 
and to the want of a knowledge of this fact may bo tiaced the eiioneous conclu- 
sions arrived at by se\eial gentlemen who haie demoted their attention to the 
subject of spontaneous geiieiatioii 

An essential point in the caiijing out of such an in>ostigation, was the prepara- 
tion of pure distilled watei In distilled water prepaied by the oidinaiy methods, 
I alwais found life after it had been kept fui a few dajs, but by emplojing an ap- 
paiatus thiough ■which a gas could be passed to displace the an, and adding to the 
water to be distilled a solution of potash and permanganate of potash, I obtained a 
water which, after tliiec or four distillations, was found to be tree fioni life. The 
gas emploved in the first thiee senes was Indiogen The water was kept in the 
apparatus till wanted, to pre\ ent any contact with air 

Water so distilled haimg been kept fiee fioni life for seventeen days, was intro- 
duced into twelve small tubes, and left exposed to the atmospheio foi fifteen houis 
when the tubes were closed Every eight days the tubes weie examined , on the 
first and second examination no life was obseiwed, but the thud discovoicd two 
or thiee black vibiios in each field 

As this slow' and limited development of life might be owing to the small amount 
of germs in the atmospheie, duiing the winter montlis a second senes of expeii- 
ments was made, placing tin' water in the tubes near putiid meat for two hours, at 
a tempciature of 21° to 26’’ C Six davs after some of the tubes were examined and 
life observed, showing that by being placed near a source of piotoplasmic life, the 
water had in two houis absoibed genus in su flic lent quantity, for life to become 
visible in one fouith the time lequired in the hist evpeiinient , aftei six days a 
slight increase of life was noticed, out no fuitlnu’ development could be afteiwaids 
seen 

The limited amount of life developed m puie water suggested a thud senes of 
expeiiments, in which albumen was added to the watei In tins case life appealed 
111 five daj's, and a considerable inciease in ten. Albumen, thercfoic‘, facilitated 
the dev elopmciit of life 

The quantity of life pioduced in the above experiments being compaiatively 
small, some fresh water was distilled, oxygen being substituted lor the hydiogen in 
the apparatus ; and a fouith senes was comnnuiced, which lesulted in showing that 
although oxygen appears to favour the development of genus, it does not favour 
their repioduction 

When the weather had become much w'aimcr and a marked increase of life in 
the atmospheie had taken place, some of the albumen solution employed in the 
above experiments w'as left exposed in tubes to its intiuence, when a large quantity 
of life W'as rapidly dev^elopecl and continued to increase, pioving the inciease to be 
due not merely to reproduction, but to the intioductioii of fiesh genus 

As no life appeared in that portion of the distilled water reniainmg in the ap- 
paratus before mentioned, which w'as examined fioni time to time, whilst it ap- 
peared in all the solutions made with it and iinpiegnated by their exposuie to the 
atmosphere, it is obvious that genus are necessary to the pioduction of life. 

On the relative Powers of vanous Substances in p> eventiny the Generation of 
Animalcules, or the Development of their Germs, with special reference to the 
Germ Theory of Putrefaction. By Dr. John Dougal. 

On the advantaye of Systematic Cooperation among Piovincial Natural- 
History Societies, so as to male their observations available to Naturalists 
generally. By 8ir Walter Elliot, K.G.S.I., F.L.S. 

Sir Walter stated that he had been led to consider the subject in the piepara- 
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tion of an address delivered to the Botanical Society of Edinburgh last November, 
in the course of which he attempted to show what contiibutions had been made by 
provincial societies to botmical Knowledge and literature. 

He found that the number of these societies had greatly increased of late yeans, 
and that they had done much useful and valuable woik. This they publish in 
their own Proceedings or Transactions, the circulation of which is confined almost 
exclusively to their own members The results of th^^ir labours are thus, in a 
great measure, lost both to their neighbours and to natumlists generally. After 
entering into some details of the subjects, illustrated by the Devonshire and Corn- 
wall Societies, by the Berwickshire, Tyneside, Cotteswold, Woolhope, and other 
Field Clubs m their published ‘ Transactions,’ many of the earlier volumes of which 
are so scarce as to be unprocurable by later members, lie proceeded to show that 
this state of things had attracted the attention of others as well as of himself, and 
had given rise to a very general desire for greater unity of procedure. He concluded, 
therefore, that the tune had come for taking action in the matter ; and as the pre- 
sent occasion afforded an opportunity for discussing it with advantage, he invited 
the Section to take it up, with a view of eliciting practical suggestions (at the same 
time ofleiing some himself) of siudi a nature as might bo laid befoio the General 
Committee of the Association, and so enlisting the patronage of that body in its 
behalf. 


The Origin and Distribution of Microzymes (Bacteria) in water ^ and the cir- 
cumstances which determine their Existence in the Tissues and Liquids of the 
Living Body. By Dr. Burdon Svnderson, and Dr. Ferrier. 

The paper read was an abstract of the chief results of an experimental investi- 
gation into the intimate nature of contagion published m eitcnso in the ‘ Thirteenth 
Keport of the Medical Officer of the Privy Council.’ It was considered necessary 
to examine the conditions of origin and life of microzymes m .special leference to 
the phyto-patholugical doctrines of Professoi Ilalher. In order to test the presence 
or absenc(' of niicio/ymes in contagious or healthy liquids and tissues, tlie method 
was adopted of cultivating these organisms m soils suitable for their giowth, and 
under conditions favouiable to tlieir multiplication and development By the 
enormous lepioduclive power of these oiganisnis, and the changes which they 
induce in the oiganic lajuids in which tliey aie cultivated, the piesence of inicro- 
zymes can bo most satisfactorily deteimined The oiganic liquids employed as 
.soils weie chiefly Pasteui’s solution and albuminous liquids, .siicli as seium, 
Before using those liquids as tests, however, it had fii^t to be shown that they do 
not, 111 themselves, contain the conditions of evolution Foi this pin pose the 
liquids were mtioduced into capi 11 aiy tubes, and investigated under the most vaiicd 
conditions of exposure, tempeiature, and pressure. 

The lesults of iiumeious experiments, lasting over several months, proved satis- 
factorily that when these liquids had been raised to a tempeiature of L'i0‘''-200'" C , 
or even to 100 C , and caietully piO'^eived fiom contact fioin air or siiifaces which 
liad not been supeiheated, no evolution of oiganic foims cvei took place, while in 
the s.amo liquids which had not been lu'ated, but otherwuse kept umhu exactly the 
.same conditions, 01 g.uiisin^ vveie found in huge numbeis The lesults weie not 
modified bv any vaiiations m the tension of the air to which the liquids weie ex- 
posed Other I'xpeiimeiits made with boiled and unboiled Pasteui s solution, iii- 
tioduced into glasses whu h had been previoudv heated, showed that fungi (Tondn 
and renicilluon) appealed in unboiled solutions whether they weie exposed or not, 
but much more aDundantly when they were exposed than wdien they weie pi o- 
tected with cotton-wool, and that in boiled solutions the giowUh of was 

more luxuiiant than in unboiled solutions undei smiilai ciu umstances. liacteiia 
did not appear in the boiled liquids undei any cii cum stances. Bactei la and fungi, 
therefore, seemed to diifer m regard to then conditions of oiigiii and growth. The 
result of numerous experiments demonstrated that the solutions in which micio- 
zyines appeared were those which had come m contact with surfaces which had 
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not been superheated, or had been contaminated by water which had not been 
boiled. 

Bacteria wore shown not to exist in the air under ordinary circumstances. Water 
was shown to be the primary source from which the germinal particles of Bacteria 
are derived, whenever they seem to originate in the organic solutions experimented 
with. This conclusion was satisfactorily demonstrated by impregnating organic 
solutions (which otherwise could be kept indefinitely barren of all organisms) with 
a drop or two of ordinary water, whereupon, m the course of a week, the develop- 
ment of Bactei la manifested itself m the clearest manner to the naked eye. This 
zymotic property (« e the faculty of determining the development of organic forms 
in a test solution to which it is added) is not possessed by ail kinds of water in a 
like degiee Distinct degrees of opalescence (due to Bactei la chiefly) are manifested 
in Pasteur’s solution when epi olivettes, charged with a given quantity of boiled 
Pasteur’s solution, aie impregnated with equal quantities of water from different 
sources 

Even ordinary distilled water was never found to be fiee from Bactei la g<dxms. 
This was attributed to contamination with other watei, or impioperly cleaned 
receptacles Filtration seems to have no appreciable influence on the zymotic pro- 
perty of water Fiom the most careful ami repeated examination of water proved 
to be zymotic, it was found that such wateis often contain no ehmiontsor particles 
which can b(' detected by the microscope Expi'riments weie made with optically 
pure watoi as in tlie sense used by Prof Tyndall, or so nearly optically pure, that 
the electiic beam m passing through it displays a blue coloiii , such i\ ater obtained 
by tlie fusion of ice was shown to be as zymotic as many otliei vaiieties of water, 
which in the beam are seen to be full of light-scatieimg particles 

Microzymes and their perms are deprived of vitality by thorough desiccation ; 
they aie likewise killed ny pennanganate of potash, ozone, caibolic acid m the 
propoition of 5 per cent of the liquid, sulphate of qiiinia in the same proportion, 
peroxide of Indiogen, and chloiine 

Tonila remciUium, howe\er, flourished in solutions which were fatal to Bac- 
tei ia When an albuminous or saccharine fluid is supeilieated (i c. above 100“ 0.), 
it does not support miciozjme life. 

Experiments were made to determine whetln^r tlie liquids and tissues of the 
living body participate in the zymotic propeity possessed by microzymes It was 
shown that blood, fiosh tissues, urine, milk, white of egg, pus fiom deep-seated ab- 
scesses, were free fiom microzymes, and further, that these (issues and fluids could 
be kept indefinitely free from all traces of decomposition if piopiu’ precautions were 
taken to preseive them from external contamination 

It was further shown that the slightest contact ivitli oidmary water, or surfaces 
cleaned in the ordinary manner, was sufficient to set up septic clianges in these 
tissiu's and liquids It was therefore concluded that if microzyuies aio not the 
only cause of putrefaction, yet then piesence is sufficient to set it up in liquids 
which othemise manifestccl no tendency to septic changes In i egaid to contagious 
liquids, few experiments had yet been made. Only in reference to pyamiic pus an 
oxpeiiment haa been made, it was found full of Bactoia Fiom numerous facts 
and observations made during the progress of the inqiiiiy, it was concluded that 
there is no developmental connexion between Bacioxa and Tonda^ and that their 
apparent association is meiely one of juxtaposition. 

This conclusion is a direct contradiction to the botanical doctiincs on which 
Ilallier’s tlieoiy of contagion is founded. 


On the Estahlishinent of Local Museums. Bxj T. B Grierson. 

The establishment of local museums was pointed out as a means of gixing a taste 
for leaining and science to the people, for which, in the smaller (owns and rural 
distncts, there was no provision. Collections could readily be made , and in every 
district objects of inteiest would be met with, which a local museum would be 
the means of saving and bringing to light Persons commissioned by scientific 
societies or one of the central institutions should make periodic visitations, and aid 
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by advice and otherwise. If an arrangement of this hind were extended all over 
the country, a knowledge of science would exist among the people, of which they 
are at present altogether destitute. The author entered upon some details of the 
system he proposed. 


Botany 

On the Cultivaiion of Tpecacmnlia in the Echnhuryh Botanic Octrden for trans- 
mission to India, Bif Professor Balfour, F.ll.SS L. ^ E, 

Ipecacuanha is a \aliiahlo remedy for dvsenter}", and has been administered in 
large doses with decided benefit by medical men in India The cultivation of the 
plant, however, owing to the rashness or carelessness of collectors and other 
causes, has failed to a certain extent in South America ; and unless means can bo 
taken for more extended cultivation, it seems probable that the (quantity of Ipeca- 
cuanha might bo msuflicient for medicinal purposes, and its pritfo might rise in 
the market to such an extent as to inteilere with its geneial use. In these 
circumstances the S('Ciotary of State for India (IIis Giace the Duke of Argyll) 
applied to the Directors of the Botanic Gardens in Biitain with the view of 
ascertaining whether a sufficient, stoclc of plants could bo procured for exportation 
to India with tin* view ot (ultivation theio for medicinal pni poses In tne Edin- 
burgh Botanic Gaidini theie weie some specimens of the plant which had been 
cultivated for forty yeais or iiKue, and it was found by Mi ISPNab that these 
could be easily multiplied by malcing sections of the root or ihizoine A descrip- 
tion of the method puisiu'd was read to the Botanical Society of Edinbuigh, and 
sepal ate copies wcie pimted for the use of the India Office The plant in the 
Garden was the same as that desciibod by Sir William Hooker, and hgured m tho 
‘Botanical Magazine.’ The supply from this source was obviously not suificient 
for the puiposi's which the India Office had in view, and the time reqiiiied for 
piopagatiQii would be too long Accordingly, Piofessor Balfour and Dr Chiistison 
wrote to a previous Gmduate of the University of Edinburgh, Dr Gunning, re- 
siding at Palnieiras, near Eio Janeiro, and induced him to take an interest in the 
matter, lie enteied coidially into their pioposals, and very soon sent to tho 
Botanic Garden boxes containing fresh plants iUthough several of them suflered 
in the transit, owing to the mode of packing and the want of attention duiing the 
voyage, still a consideiable number leached the Garden in a state fit for propaga- 
tion after tho method puisued by Mi M^’Nab By this piocess a laige stock of 
between 200 and 800 plants was secuied Of these, a consideiable number have 
been tiansmitted to India successfully in a Waidian case A figiiie of this case was 
givim in Ml INBNab’s published report. By the method employed, tho small pots 
containing tho plants wore carefullv’' secured, so that tho case might even be turned 
upside down without injuiy* I'lio plant sent by Dr Gunning differs in some 
particulars from that foimeily in cultivation in tho Botanic Garden, more espe- 
cially as regaids tho foim of its loaves The old plant lias leaves of a fiimer 
texture, more or less elliptical, and somewhat wavy at the niaigm, and the stem 
suffiuticose Tho plant also flowers readily aftei a yeai’s growth The lecent 
plant sent by Dr Gunning ii'sembles moio tho foim figuied by Martins Its 
loaves aio nioii' delicate and pointed, its stem not so shiubby, and it has not yet 
pioduced flowcis There may be two varieties of the plant Tho full deteimma- 
tion of this must bo leseived till the Rio Janeiro plants come into flower 

Tho diawings which were exhibited show the chaiactei of both vaiieties, so 
far as they can bo at piesent represented fiom the specimens in tho Botanic 
Garden. Tho drawings show the form of tho leaves and stems, the character of 
the stipules and glands, the stomata and bans of the leaves, and the microscopical 
atructuie of tho stems and rhizomes. 

The subject has been brought under tho notice of the Meeting with tho view of 
calling attention to the cultivation of a plant which, like Cinchona, is highly 
* Tho case exhibited to the Meeting show'cd the arrangement. 
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valuable as a medicinal agent, and which, without duo care and attention on the 
part of collectors, might ultimately become scarce or be eradicated in its native 
coimtiy. 


On the Flora of Greenland. By Kobert Brown, M.A., Ph.I)., F.R.G.S. 

An account of researches on the Phyto-geographical aspect of the Greenland 
flora compared with that of other portions of the arctic regions, the causes which 
conduced to it, and most general facts relating to the arctic flora, chiefly in rela- 
tion to Br, Hooker’s classical memoir on the subject in the Linnean Transactions 
(vol. XXV.). 


On the Geographical Distrlhution of the Floras of North-west America. 

By Robert Brown, M A , Ph.D., F.E.G.S. 

After studying the subject for nearly four years, during travels through all parts 
of the country to the west of the Rocky Mountains, Br. Brown considered that 
instead of one homogenous flora in North-west Ameiica there are in reality five, viz. 
(1) The great flora of the region to the west of the Cascades and Sierra Nevada 
Mountains. (2) The flora between this range and the Rocky Mountains. (3) The 
Montano flora on the summits of the mountains about 4000 feet, chiefly arctic. 
(4) The flora of the Colorado descent. (5) The Athabascan flora, or the flora to 
the country. 

On Specimens of Fossil-wood from the Base of the Lower Carhoniferous Rods 
at Langton, Berwickshire. By the Rev. Thomas Brown. 


Suggestions on Fruit Classification. By Professor A. Bickson. 


On the minute Anatomy of the Stem of the Screw-Pine^ Pandaiiiis utilis. By 
W. T. Thiselton Byer, B.A , B.Sc., Professor of Botany in the Royal 

College of Science for Ireland. 

Except that the tissues are less indurated, the general structure of the stem and 
the arrangement of the fibro-vascular bundles resemble that met with in palms 
The bundles, however, are somewhat remarkable from containing vessels which be- 
long to the scalanform type In a transveise section those bundles are seen to be- 
come smaller towards the circumfeKmce and more comhmsiMl, foiming a well-de- 
fined boundary to the narrow cortical poition of the stem The bundles are, how- 
ever, continued thiough the coitical portion, but aie leduced to little more than a 
thread of prosenchyma. In the coitex there aie numerous laige cells containing 
raphides* those also occur in the rest of the stem, but aie less frequent. Crystals 
of another kind aie found in connexion with the hbro-vascular bundles These aio 
contained each in a square-shaped cell, forming part of a stung or chain. A number 
of these strings 01 chains are distiibuted louiid the circunitereiice of each fibio- 
vascular bundle, tliev are especially abundant in its coitical continuation, as tliey 
do not siilfer a degradation pro^itionate to that of the other constituent tib^ues. 
This peculiar ariangement of cr^ stal-bearing cells seems probably unique I’lu' 
crystals are four-sided prisms with pyramidal apices. They aie almost ceitainly 
composed of calcium oxalate, though they arc too minute and isolated with too mucli 
difliculty to allow of tlieir satisfactoiw examination. 


On the so-called ‘ Mimicry ’ in Plants. By W. T. Thiselton Byer, B.A , 
B.Sc., Professor of Botany in the Royal College of Science for Ii eland 

In all large natural families of plants there is a more or less distinctly observable 
general habit ov facies, easily recognizable by the practised botanist, but not always 
as easily to be expressed in words. The existence of such a geneial habit in legu- 
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miaous and <;omposite plants is familiar to every one. What have been hitherto 
spoken of os mimetic plants are simply cases where a plant belonging to one family 
puts on the habit characteristic of another. This is entirely diflerent from mimicry 
among animals^ inasmuch as the resembling plants are hardly ever found with those 
they resemble, but more usually in widely different regions. Mutism spectosa from 
Western South America, a Composite, has a scandent leguminous habit closely 
agreeing with that of Lathy rus mai itimm of the European shores. In the same way 
three difterent genera of feins have ^ecies (found in distant parts of the world) in- 
distinguishable in a barren state. Tlie term Mimicry seems objectionable in these 
cases, and tlie author pioposes Pseudomorphism as a substitute. As to the cause of 
the phenomenon, he can only suggest that the influence of similar external circum- 
stances moulds plants into the similar form most advantageous to them. An illus- 
tration is afforded by the closely resembling bud scales whicli are found in widely se- 
parated natural orders of deciduous trees as modifications of stipules. The author 
does not, however, think that the moulding influence need always be the same. 
He believes that different external conditions may produce the same result ; in 
this respect they may bo called analogous. Several identical plants are found on 
the sea-shore and also on mountains ; perhaps the reason is that they are equally 
able to tolerate the effect of soda salts and also of mountain climate. The tolerance 
of either unfavourable condition gives them the advantage over less elastically 
constituted plants, and both are theiefore analogous in their effects. 


On Spiranthes Poraanzoviaiia, Cham. By A. G. More, F.L.S., M.U.T.A. 

In exhibiting some living specimens of this rare Irish orchid, Mr. More called 
attention to their delicious periume. He had gathered the plant near Castletown, 
Berehaven, where it was m full flower about the 15th of July. It grows in grassy 
meadows, and also m rather boggy ground bordering on the sea, and is found in so 
many dillerent fields that there is no present fear of its becoming extmet. 


On I]riophonim alpinum, Linn., as a British Plant. 

By A. G. More, F.L.S., M.R.I.A. 

Friophoriim alpinnin had, a few years ago, been announced as an Irish plant on 
faith of some specimens forwarded to Dr Mooie by Mr. J. Sullivan of Cork, who 
reported that they had been gathered on the banks of a mountain-lake near Mill- 
street, county Coik. Subsequent investigation had, however, caused considerable 
doubts as to the correctness of this infoimation ; for both Mr More himself and 
Dr Moore had on two different occasions made a most careful search on the borders 
of Gurthaveha Lake without finding a trace of F) lophonnn alpinum) and they now 
believe that Sou pus c(€^pito%us,yAxo^Q spikes aie often slightly woolly with the 
growth of the bristles, was gathered by the side of the lake, and probably some 
mistake was afterwards made in transmitting the specimens, which belong to the 
right plant. 

With regard to the supposed Scottish locality m Sutherland, Dr. Balfour autho- 
rized him to say that he had always felt some .slight doubt about the single specimen 
found m his herbarium , and this doubt was much increased on seeing the striking 
similarity of this specimen to others also belonging to the University Herbarium, 
and which were certainly collected in Forfarshire, rendering it highly probable that 
a piece of Fj alpinum had by some accident been mixed with Dr. Balfour’s speci- 
mens of Setrpus caspitosus, or that a label had been inadvertently exchanged. 
Hence ho believed that Eriophoruni alpinum must, for the present, be erased alto- 
gether from the British flora. 

f 

On the Development of Fungi within the Thorax of Living Bircls^, 

By Dr. James Murie, F.L.S.j F.O.S. 

The author referred to the circumstance of lowly organized vegetable structures 

* This paper will be published in full, with a Plate, in the Trans. Roy. Micros. Soc., 
tol. vii. 

1871 . 0 
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being not unfrequently found growing in animals and man^ both exifemaUy and 
internally. For the most part these affected the skin, giving rise to several cuta- 
neous diseases. They also flourished in the alijnentary canal ; and among others, 
one peculiar form (Sarcina) had been described by the late Professor Goodsir from 
the human stomach. In nearly though not in all instances where vegetable orga- 
nisms flourished within the living body, it was in organs where a certain amount 
of air had free access. It was more difficult to account for the cases where 
vegetable parasites arose in, so to speak, closed cavities The instances which the 
author brought forward as coming under his observation were three in number, 
viz. a fungus-like ^owth in the abdommo-pleural membrane of a Kittiwake gull, 
Mma t7idadyla (Linn ), a great white-crested cockatoo, Cncatua cristata (Linn.), 
and a rough-legged buzzard, Archihutco Jag<^us (Gm.). After a general descrip- 
tion of the specimens in question, lie referred to them as in some way bearing 
upon those doctrines whereby living organisms weie supposed to originate out of 
the tissues themselves. Other weighty reasons undoubtedly might be given to the 
contrary ; but os every fact, either furnishing doubtful evidence of, or opposed to 
the spontaneous generation theory, might be useful at the present juncture, the 
author thought a record of such worthy of being brought before the Association. 


On the Changes which occur in Plants during the ripening of the Seeds, in order 
to ensure the access of the Air and Light as well as Heat, which are generally 
requisite for this purpose, without the loss of the Seeds before the ripening 
is completed. By J. Bibkbeck Kevins, M.I). Bond., F.B.S. Ed. 

In the poppy the capsule becomes erect because the valves are at the summit of 
the seed-vessel, whilst in Oampanulacea) the seed-vessels droop, because the valves 
are at the base of the capsule, except in the case of the C. persicifohaf which has 
an erect capsule, the valves being at the summit. 

In the Primulaceai the diooping flower becomes an erect capsule in ripening, 
except in the Cyclamen^ which npens its seed in the ground, and therefore droops 
until the capsule is buried in the earth, after which its capsule opens at its apex 
downwards. The Anagalhs, which has always a closed seed-vessel, npens with the 
capsule in various directions. 

In the Stellarios, which are summer flowers, the flower is erect, as well as the 
capsules, the period of inflorescence being favourable to ripening. And in Compo- 
sites, which flower in summer, the same is observed , whilst in the Coltsfoot and the 
African marigold, which ripen their seeds under difficulties, various changes of 
position occur, to shelter the immature seeds from injury from the weather. The 
Ilanunculacefe, Malvacem, Scrophulanacom, and several others were passed under 
review,^ and their various changes pointed out, which had the object m view of 
promoting the ripening of the seeds without premature loss from the seed-vessels. 


On the Nature of the Cruciferous fruit, with reference to the Replum, 

By J. Bikkbeck Kevins, M.B. Bond., F.B.S. Ed. 

The replum is a direct prolonption of the stem, whicli produces the seeds 
without the intervention of carpellary leaves ; as is also the case in the Coniferre. 
After having produced the seeds, the stem bears two leafy organs, which are directed 
downwards, and adhere by their apices to the stem, below the point from which the 
seeds spring, and thus close in the seed-vessel, which theiefore consists of a stem 
beanng the seeds (the replum) and two external leafy organs (the valves). When 
ripening commences, the apices of these deflected leaves separate from the stem, 
until at last they are entirely detached, and fall olF at their articulation with the 
stem, leaving the seeds still adherent along the edges of the stem in four rows. 
The replum is therefore not a dissepiment derived in any way from the carpellary 
leaves, out simply a seed-bearing stem, flattened and tbinned in the central part 
(the pith) until it is transparent. In accordance v^th this view, the venation of the 
valves is that of a leaf turned downwards, being directed towards the base of the 
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silicle, that is, according to this explanation, to the apex of the enveloping leaves. 
The term false ” dissepiment is tnerefore no longer necessary, the wait being a 
normal growth, though of an unusual construction. 


On the Species of Grimmia (including Schistidium) as represented in the 
neighbourhood of Edinburgh. By J. Sadlek. 


Observations on the intimate Structure of Spiral ducts in Plants and their 
relationship to the Floiver. By Neil Stewart. 


An Inquiry into the Functions of Colour in Plants during different Stages of 

their Development. By Neil Stewart. 


On the Classification of the Vascular Ci yjitogamia, as affected by recent Z)/s’- 

coveries amongst the Fossil Plants of the Coal-measures. By W. C. Willi \m- 

soN, F.liS., Professor of Natural History in Owens College, Manchester. 

The aiitlior desciibed the structure of the stem of Calami te explaining, his inter- 
pretation of its structure, viz. that it consisted of n central fistular medulla, sur- 
rounded by a ring of woody wedges, each one of which grew by additions to the 
exterior of its surface until it often became a woody cylinder of considerable thick- 
ness. The Lepidodendra and SiyiUanw were next reviewed, beginning vhth Lejn~ 
dodendrn, in which the central axis was a mixture of cells and vessels surrounded 
by a very thin, and often scarcely appreciable ligneous ring, and which gave otF 
vascular bundles to the leaves Othei forms were then noticed in which the central 
medulla became differentiated into a central cellular poition, and an outer vascular 
one, the latter existing as a modified medullary sheath. One of tho types described 
by Mr Bmney as Siyillaria exhibits tliese features, find the development 

was traced still further thiough Piplovylon and Siyillaria, where tho woody zone 
became yet more fully developed, the medullary rays more distinct, and the dif- 
ferentiation of the two elements of the pith, viz the vascular and the cellular, yet 
more complete Tho oiigin of tho %asciilar bundles going to the leaves in some 
forms of Diploxylon was shown to be, not m the medullary vessels, as described by 
Corda, but in a cellular layer separating the ring of the medullary \asciilar cylinder 
from the more external vascular cylinder of the tine woody zone The relation of 
these various structures to those seen m Stiymaua was pointed out. In the latter, 
as was to be expected in a root, tho vessels of the medullarv axis disappeared, the 
pitli being m dnect contact with tho inner surface of tho woody zone. The 
vascular bundles given off to the rootlets were shown to oiiginato in tho ligneous 
cylinder, and to pass outwaids through large lenticular spores, occupied by mural 
cellular tissue, separating tho woody wedges, wliiht in addition to tliese spores, 
there exist a complete ev.^^tem of minor niedullaiy lays, tho entire structure ex- 
hibiting, in tho author’s opinion, an exogenous aiiangement. 

The conclusion to be drawn from the study of the structure of these fossil cryp- 
togamic stems is, that, so far as thou medullary at is and ligneous zone is concerned, 
they are not in any sense Acroyens, but Exogeus , that they have a pith consisting 
of the less developed Lepidodendroid forms of a mixture of cells and vessels , that 
as we ascend in the series of forms the cells become separated from tho vessels, the 
former occupying the intenor, and the latter the exterior of the medullary axis j 
that the woody zone surrounding the medullary axis consists of a cylinder com- 
posed of radiating lines of vessels, which increase by successive additions to the 
external surface of the zone, the laminoo of which vessels are separated by mural 
arrangements of cellular tissue constituting two kinds of medullary rays; con- 
sequently when such a process of growth has gone on until the result was a tree 
with a stem two, three or more feet in diameter, the application of tho term 
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acrogen becomes absurd. Such being the case, Prof Williamson proposed to 
separate the vascular Cryptogams into two groups. The higher one, comprehend- 
ing the Equisetaceso, Lycopodiaceae, and Isoetaceto, to be termed the Cryptogamiee 
Exogenee, and which would form a connecting link between the Cryptogams and 
the true Exogenous plants through the Cycadem, and the other Gymnospermous 
Exomus. The lower one to be called the Cryptogamuo Endogenae, to comprehend 
the Ferns, which will unite the Cryptogams with the Endogens through the 
Palmacore, 


Zoology. 

Notice of two Selectmens 0 / Echinorhinus spinosus faleii in the FirtJi of Forth. 

Bij Professor J. Duns. 


On thu Rarer Raptorial Birds of Scotland. By Professor J. Duns. 


On the Carabus nitens of the Scottish Moors. By Dr. Giuerson. 


The Zoological Results of the Dredging Expedition of the Yacht ^NoriuF off 
the Coast of Spam and Portugal in 1870. By W. Saville Kent. 

The expedition was organized and superintended by. Mr Maishall Hall, the 
owner of the yacht, Mr. Kent accompanying him to supervise the collection and 
preservation of natural-history specimens, as also to report on all the novelties 
or olnects of interest that might be obtained. The sponges collected during the 
expedition appear to have furnished the gienter number of forms new to science, 
embracing more particulaily many new lepresontations of the group to which tho 
beautiful Euphctella, or ^‘Venus’s tiowei -basket,” and the “Glass-ropo sponge,’’ 
Ilyalonema, belong, the latter, indeed, being amongst the spoils All those forms 
were dredged in the deep-sea fishing gioiind, 400 to 800 fathoms, oil’ Oezimbra, 
at the mouth of the Sado river, and fiom the same locality, witli tho assistance 
of the native fishermen, they had the good foitunc to seniie examples of several 
rare species of deep-sea giound shaiks which fie(][uent that coa'^t line, including 
among others Pseudotriokis nunodon, a species leceiitly desciibed by Professor 
Darboza du Pocage, of the Lisbon Museum. Ftanis conti m ih,s and a species of 
OctssiH allied to C suhioon aie among the raiei sliells leleired to by Mr Kent, 
the former being interesting on account of its identity with a common fossil of 
the Norwich Ciag, and the latter fiom its nfiimties witli Japanese and Chinese 
species rather [than with any known Atlantic or Mediteiraneaii foini. The occur- 
rence in the same waters ot a vaiiety of Ilyalonema, scaicely to be distinguished 
from the well-known Japanese II Siebokh, is also commented upon by Mr. Kent, 
as illustrating another instance of this singular distiibution of allied species. 
Reviewing tho whole amount of material collected during the cruise, Mr. Kent 
separates it into two portions, presenting respectively two entirely distinct facies. 
The first of these, including that collected from tlie shore line down to a depth 
of 100 fathoms, presents an intorblending of Mediterranean species with those in- 
habiting our own moio temperate coasts : while the lemaiinng one, embracing all 
those acquired at a depth of from 400 to 800 fathoms, are remarkable for their 
boreal or cold-water area aspect and affinities, and in this respect, according to Mr. 
Kent, entirely suppoiting the deductions anived at by Dr. Carpenter, from his ex- 
tensive study of the fauna of these great depths in connexion with the expeditions 
of the ^Lightning’ and ‘Porcupine.^ Among the more interesting Mediterranean 
forms taken, especial mention is mode of Dendrophylha ramea, a massive branching 
c^l, not before recorded as occurring so far north, as also of vaiious species of 
MureXf Calappa granulata^ Cesium veneris, and other zoophytes usually supposed to 
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be restricted to the more southern arc. Mr. Kent expresses his hope that the entire 
success attending this cruise may infliience other yaclit- 0 '\yners to follow the ex- 
ample of Mr. Marshall Hall, and, like him, to devote their craft for the portion of a 
season to scientific discoveiy, promising them they will find themselves more than 
compensated for the saciifice of time or other interests it may involve by the fasci- 
nating nature of the woik when entered upon, in addition to their thereby earning 
for themselves the lasting gratitude of the scientific woild. The Koyal Society 
granted £i50 towaids aiding in the necessary outlay in (hedging and prcser\ing 
apparatus. The paper constitutes a brief sketch of a report to bo presented to the 
Royal Society by Mr. Kent, 

A Proposal for a Modification of the strict Law of Prioritij in Zoological 
Nomenclature in certain cases. Bg W, A. Lewis. 


On some 7'ccent Additions to the Arctic Fauna (a new Antipathcs and a new 
Apodal Lopluoid). Bij Dr. Christian LCtken. 


On the occurrence of Brown Trout in Salt Water, 

Bij A. G. More, F.L.S., M.IU.A. 

In the sixth volume of Ins Catalogue of Fishes (Addenda, page 357), Dr, Gun- 
ther has noticed the fact that Sahno fano frec^uently descends to the sea, and there 
‘‘ assumes a In ight sih ery coloration, with numerous x-shaped spots ” The cir- 
cumstance did not, however, seem to have met with so much attention as it de- 
serves, and was very little known to anglers and fishermen. In Scotland, ]\Ir. 
Peach, who had an extensive expeiience and knowledge of marine zoology, had 
assured him that no instance of the kind had come under his notice, save once, 
when he lound a iivoi-trout in the stomach of a cod-fish Ihit in the west of 
Ireland (in the counties of Donegal, Sligo, Limeiiek, and Keriy) Mr. More had 
asceitamed, paitly through others and paitly fiom his own obseivation, that the 
liver-trout m many places spontaneously ficquents the saltwater at the mouth of 
the rivers The blown tiout cap! uied in salt water differ fiom their usual condi- 
tion in having blighter and moie silvery scales, something like those of the young 
salmon in the smolt condition , but ho had not noticed any inciease in the number 
of daik x-shapod spots. INIr Moie would like it to be ascertamed if these trout 
were brown tiout pure and simple,” or by buds. Specimens were exhibited. 


On some Dredgings in Kcnrmire Bag. Bg A. G. More, F.L.S , M.lt.I.A. 

Ml. IMoro exhibited a numbei of marine animals, which ho had lately collected 
in Dantiy and in Kemnaie Bays, in the south-west of Iieland. Among them were 
Amphiorus lanccolatus, the lowest m oiganization of living fishes, a number of 
Annelida and ylscidians, &c. 


On the so-called Tadks^ Trout of Islay. By C. W. Peach, A L S. 

Mr. Peach stated that the tiout he showed were sent to him by Mr. Colin Hay, 
distiller, of Ardbeg Islay, takem in Loch Namaoiachm, about lOOO feet above the 
level of the sea , it is supposed to be the highest in the island. It is about an acre 
in extent, and so shallow that a man can wade through it , the bottom is quartz 
rock, like that of the mountains around it. Several other lochs are near it in 
which trout are plentiful, but none ‘‘ tailless.” So constant is this that Mr. M^^Kay, 
a very keen fisher, lias never for the thirty years of his fishing-expenenco m this 
loch taken any but “docked” ones. Mr Peach further said that Mr. Hay was 
about to stock a loch at some distance from Loch Namaorachm with some of the 
‘‘ tailless ” trout, in which, up to the present time, no trout have been taken, and 
thus to try whether this docked ” appearance will continue, and use other 
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means to work out as for as possible the history of this strange freak. lie added 
that they could not be called altogether “ taiUess j ” docked they may be, from not 
havmg a vestige of the external caudal fin-rays The fish were m splendid con- 
dition, and the whole of the other fins peifect, and in every other respect nothing 
was wanting, as could be seen by tlie specimens shown, and by the beautiful ske- 
leton of one prepared by Mr. Stirling, assistant to Professor Turner*. 


Oil the Hydrograj-ihical Sustem of the Freshivater Fish of Algeria, 

Bg Colonel PLAyrAia. 


Bemarhs on a favovrahlc occasion for the establishment of Zoological Obser- 
vatories. Bg r. L, ScLATEE, M.A., Fh.D., Fli.S. 

After alluding to the repoit of the Committee of the Biitish Association for the 
establishment of zoological obseivaiories, which had been read by the author at a 
previous meeting of the 8ection, attention was called to the fact that a veiy favour- 
able oppoitumty for the establishment of three zoological observatories in very 
little-known parts of the globe would shortly present itself, and it was greatly to bo 
hoped that advantage would bo taken of it. 

On the occasion of the transit of Venus m 1874, the Astronomer Roynl proposes 
to organize observing-expeditions to the following five stations — H) Oahu, Sand- 
wich Islands, (2) Kerguelen’s Island, (3) llodrigue/;, (4) Aucklana, New Zealand, 
(5) Alexandiia. At the first three of these stations (Oahu, Kerguelen’s Island, 
and Ilodriguez) it would bo necessar;^ to ha\o a corps of scientific observers resi- 
dent for twelve months previous to the tiansit, in older that the absolute longi- 
tudes of these places, which were not corit'ctly Iniown, might be obtained The 
author pointed out how little was yet known of tlio teiiestrial and maiine zoology 
of these three islands, and specified vaiious particulais, in the case of each of their 
faunas, which it would bo especially desiiable to investigate lie then urg('d that 
the addition of one or more zoological collectois, or obseiving-naturalists, to the 
corps of astronomical obseivcrs in each of these stations would occasion ^ ery slight 
additional expense, and suggested that application should be made to the Covimi- 
ment to permit such natuialists to accompany these expeditions, and to undertake 
the necessary expenditure. 

Pr. J. A. Smith exhibited the Skull of an Elk found in Beiwickahiic. 


On the Stria tare of Or mo ids, 

Bg Professor Wyville Thomson, F.ILSS.L. ^ E. 


On the Palceontological llelatlons of the Fauna of the North Atlantic, 
Bg Professor Wyville Thomson, F.ll.SS, L. ^ E. 


On a curious South- African Grassho 2 ) 2 ier, Trachypetra bufof (White), luhkh 
mimics with much 2 )recAsion the a 2 ipcarance of the stones among uhich it 
lives. Bg Koland Teimen, F L S., FZ.S. 

He commenced by remarking that some tendency existed to separate too 
widely those cases of mimicry where one animal imitated another, fiom those 

* Since the paper was read Mr Peach had learnt that this want of caudal fin-rays has 
not been occasioned by lead-poisonmg , for not a particle of lead is to bo found in or near 
the loch.« In a loch on the island about 6 miles from Loch Namaorachin trout are found 
plentiful ; this loch is m a limestone basin, and lead is abundant in it ; and here all t}ie 
trout have perfect tails, and all the other fins in fine condition. 

t Methuen’s ‘Wanderings m tlie Wilderness,’ 2nd edit. 1848. Appendix, p. 302, pi. ii. f 3. 
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in wliich an animal closely resembled either some part of a plant or some 
inorganic object , and expressed the opinion that these two sets of cases were 
wholly one m kind, the evident object m all being the protection of the imitator. 
Describmg a visit paid to the vicinity of Grahamstown in search of this insect, he 
observed that it was a work of considerable difficulty to distinguish the grasshoppers 
from tlie stones, and he was engaged for half an hour m careful seaich over a known 
station of the species bofoie discovciing an example. He noted tho further most 
inteiestmg fact, that, in certain spots (often only a few squaio jaids in extent) 
whore the stones lying on the ground were daikor, lighter, or more mottled than 
those generally prevalent, the Ttachjpet) a found among such stones vaiied similarly 
fioni the oidmaiy dull fenuginous-browu colouring in imitation of them It was 
pointed out that the close imitation of tho stones was mainly effected by tho modi- 
fication of the doisal shield of the prothoiax, vvdiich is (with tho whole thorax) much 
flattened and widened, and is fuithei much produced posteiioil}', and has its sur- 
face loughened or granulated in close lesemblaiice to tlio surface of tho stones. 

In conclusion, ho called attention to the beaiing of tho case of this insect on tho 
question of tho origin of species , and in putting tho alternative whether the pe- 
culiar station of the Tnichijpcfia had been specially prepared for it immediately 
before or simultaneously with the cieation of the insect, oi whetlnn’, on the contrary, 
tho insect had been vciy giadually moditied by natuial selection in imitation of the 
stones for the puipose of concealment, he cxpiessed his decided opinion m favour of 
the latter hypothesis. 

Specimens of tho insect woio exhibited in association with some of tho stones 
among which they wtio captuied, and tho veiy close resemblance between tho 
stones and the insects was veiy obvious Mr. Tiimen obseivcd that in nature the 
mimiciy was moie offectiv e, tho colours of tlu' dead insects having faded consider- 
ably, and the shimking of the abdomen having caused the hind legs to be much 
moio apparent than was tho case in living examples. 


Les C'taKvessour/s de Vepor/ue du Mammouth et dc VejpO(ive actuclle. 

ra> riofesseiir Van llENLnr.N. 

La thdoiio do Darwin est, dit-on, uno voidable conception scicntifiquo, fondee 
eui la concuiioiice vitale et la selection natuielle L’evoliition natuielle des 
formes est pour lo ^avaiit illustro le i(5suUat do la lutte pom la vie et de la sur- 
vivance des plus forts 

Si les aniinaux subissont la loi de cette concurionco vitalo et do la selection 
naturelle, il faut &e demander quel est Tenet do cette mlluence pendant la pdiiodo 
actuelle. 

Pendant co long laps de temps qui nous sdparo do Tugo du Mammouth et de 
TOurs des caveiiies, (j[uelles sent les moditications qni sont survenucs dans lo nombre 
commo dans les caiacteies des espemes S’apoi^oit-on des diets de la lutte pour la 
vie et, commo consequence, do la surviv ance des plus foits (J’est la question que 
nous avons v oulu examiner. 

On est geiieralemeiit d’accoid sur co point que, pour expliqner les pluffiomenea 
des temps gdologiques, il faut cherchei la solution dans les phdnonienes de Tdpoquo 
actuelle Co qui so passe sous nos youx doit nous fane compiondie ce qui s’est 
passd anteiieurement. 

O’est cette pen'^do quo viont d’expiiraer avee taut d’ddganco Tillustio President 
de TAssiiciation, Sir William Thomson, dans son discouis d’ouverture L’essence 
do la science consisto a deduiie de phdnomenes actiielloment souniis a Tobserva- 
tion Tetat anteiieur des choses, et a prdjuger leurs Evolutions futuies. 

Nous avons eld conduit a nous occuper de cos questions a la suite do lecherclies 
sur les parasites des Ohoiropteres (Chauvos-souris) et d’oxplorations faites dans les 
cav ernes. Nous avons compare des animaux, vivant autoiir de nous et dans nos 
grottes, avGC coux qui hantaient autrefois ces memos lieux a Tepoquo ou les Ours 
et les Pennes remplissaient ces retraiti'S do lours ddpouilles. * 

L’on salt que les ossements qui sont enfouis avec ceux des Ouis appartionnent ^ 
trois categories d’animaux. la premiere comprend ceux qui ont ciisparu de nos 
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contr^es et qui ont 6migr6 ; la seconde ceux qui sent restiSs en vie dans les memea 
localit^s ; la troisieme ceux qui ont disparu et que Ton ne connait que par leura 
d(5pouilles plua ou moina bien conscrv(5es. Toutes lea cspecos do grande taille out 
quitt^ ces lieiix et appartiennent a la premiere et a la troiaierae cat<5gories. On 
pent dire que c’est la presence de I’liomme qui lea a 61oign6s. Lea petita aeuls ont 
continud a vivre a cotd de I’hommo. L’homme cat le inaitre des grands, niaia il 
subit la loi des petita Nous faisona fuir I’Klephaiit et lo Lion, maia nous ne 
parvenons pas plus a cbasser lea Kata et les Souiis quo les paiasites du coipa ou lea 
infusoires ae I’eau et de Tair. 

Les potites especes qui ont continut' a "v ivre dans nos contr(5es sont, les uns her- 
bivores, les autres carnassiers ou insectivoies. 

Pariui les carnassiers se tioiuent le Loup, lo Renaid, lo Blaireau, la Loutre, la 
!Fouine, lo Putois, la Belctte , parmi les insectivorcs, independammentdull^nsson, 
de la Taupe et des Musaraignes, les diileientes especes de Cliauves-souiis. 

Ce sont ces dormers Insectivores que nous avoiis choisis pour dliicider la question 
qui nous occupe Les Chaiivcs-souiis sont en eltet les plus propres a cette <5tude, 
puisqu’elles sont soumises toutes au memo regime, qu’elles out le memo genie do 
vie, et que, plus que tout autie animal, dies sont completemout sous I’lnfluence des 
cbangements do tempdature Nulle pait la concuircnce \itale n’a du etre plus 
puissante que chez des aiiimaux qui out du traverser des periodes do fioid et qui 
no trouvent des insectes pom patuio, qu’a repoquo des clialeurs D’autie pait, il 
n’y a pas d’ammaux, \ i\ ant autour de nous, aussi (>ompldement independants quo 
les Chauves-soiiiis, et, pai consequent, plus piopies a subir les efiets de la selection 
naiui elk. 

Scbmeilmg a^ait de]a troirvc^ de nombreux rostes de ces aiiimaux, a c6t<5 des 
ossements d’Ours, do Lion, et de Itenne, mais il n’a pas eu le temps de distinguer 
les especes et de les compaier. Nous avons pu combler cette lacuno et completer 
ces rechercbes par lesobseii ations quo nous avions en poite-leuillesur les Cliaines- 
souris des grottos de Fuifooz. 

Nous poiiionKS gaiantii aiec k^cbmoiling quo les os de Chauves-souiis que nous 
avons lecueillis, sont fossiles au indue title quo les antics animaux cufouis, et quo 
leur enfouisscment date de la indue epoque. 

Nous a\ons fait des iccliciclics sur les diverses espi^ces qui Mvent dans les 
caveriies ; nous avons <Studi6 cliaque espece, et pic^paic leuis os eu tenant compte de 
I’age et du sexe, et nous a\ons leum tout co que lea explorations ont pu nous four- 
nir pour la comparaison , il est i^sulte pour nous do I’etude comparde des especes 
vivantes et fossiles, quo les Chain es-souris qui vivcut aujouid 'hui dans les giottes, 
sont exactement les memes que cellos qui y vnaient a I’epoque des Ours, et que les 
memos especes y ont con8ei\6 leur demeuio les unos a cotd des autics sans lo 
moindro cliangoment. Dans tel endroit on tiou\o pnncipaloment le O') and fet-H- 
cheial (llhinolophus fci ) mn-equinmn), dans tel autio endioit /c fo -a-cJievcil 
(llhinoloplmii hppoa epis) , ici e’est lo Dasyoume ( Vei^peitilio dasyaiemus), la c’est 
le Myatacm {Vcspeitdio mybtanmis^ le Miam {Vc'^petUho mminus) ou tOietllard 
{Plcrotus auntus). >Si les eaux envahissaient aujouid’hui, commo elles Font fait 
autrefois, la rctraite de ces animaux, et que leurs ossements fussent conserx^s, on 
trouveiait dans le limoii exactement les mdnes especes qu’autiefois. 

Elles sont tellement semblables les lines aux autres, quo cellos qui se trouvent lo 
plus abondanmient aiqourd’hui, ^nt aussi cellos qui ont laiss6 le plus do debris. 

En un mot, aucun cliangement n’est sui vemi dans les dix erses especes do Cliauves- 
souns. La concuircnce vitale n’a produit d’ell'et ni sur le nombio m sur la taille; 
tons ces animaux sont losti^s exactement ce qu’ils Cdaient a Tepoque ou I’Ours 
foulait notre sol a c6t6 du Mammouth et du Renne. 

Que Ton compare entr’eux les os des grandes especes ou des petites, des fortes 
ou des faibles, on voit qu’elles se sont toutes maintenues dans les memes condi- 
tions chaque espece a sa maniSre de faire la chasse, cboisit les lieux et le moment 
de s’y livrer, et consei've sa place au cr^pusciile. 

Et ce que nous obseivons dans les Chauves-souris, nous le constatons ^^alement 
pour tou^ ceux qui ont v^cu a c6t4 d’eux : les mollusques teriestres n’otirent pas 
plus do difference si on les compare avec ceux d’aujourd’hui, que les poissons, les 
reptiles les oiseaUx ou les mammif^res. 
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La concurrence vitale existe, mais la lutte entre individus ne produit aucim 
eflet 8ur l’esp6ce, la S(51ection naturelle conduit, d’apres nous, non a Faltdration in- 
sensible des types specifiques, iiiais, au contraire, a, la consorvation du nioule de 
chacun d’eux dans toute sa puiete 

Que Ton compare cent tetes de Renard, de Piitois on de Fouine, animaux 
abandonn^s completement a leiir libre instinct, c’est a pome si, on tenant compto 
do I’age et du soxe, on trouve quelque diffeienco. La tuillo menie est parfaite- 
ment seniblable. Que Ton compaie au contiaiie cent tetes d’aniinaux domes- 
tiques, d’ammaux qui ont subi la coiitrainte de riiommo, qui ont 6t6 sous le joiig do 
la selection artiJicieUe, qui ont accepts la nournturo et le gite sans faire cboix a 
I’dpoque du rut et il nV aura pas deux tetes semblnbles. 

La selection naturelle, loin de produire des modifications qui amenoront la for- 
mation d’especos nouvelles, n’a d autre eflet, a notre avis, quand elle est vraiinent 
naturelle, que la conservation du type dans toute sa puret^ primitive. L’instmct 
qui pousse cliaque espece a raccomplissement de ses fonctions est la sauvegarde de 
sa conservation. 

Nous termmerons, en faisant remarquer que si les animaux qui out 6t6 aussi 
completement soumis a I’mfluence de la concut rence vitale et de la selection natui elle, 
de^uis r(5poque du Mamraouth et de I’Ours des caverncs jusqu’au jour d’aiijourd’ 
hui, si ces animaux, disons-nous, apres ce long laps de temps iie pr^soiitent aucun 
cliangement, aucune modification, ni dans le iiombie, m dans la foime, ni dans la 
taille, nous nous demandons si on est cn droit d’mvoquer la loi do S(5lection bas(3e 
sur la concurrence vitale pour explinucr la formation des especes. Nous le r^pdtons, 
line throne, pour etie scientifique, doit etie baseo sur des ph^nomenes quis’accom- 
pli<5sent dans les temps actuels, et dont nous pouvons etre tienoins. 

n ne seia pas hors de piopos de faire remarquer qu’a ime i5poque g(5ologique de la 
p^iiodo primaiic, un fait analooue a 6t6 obsei\t^ par le naturaliste le plus autorisd 
pout-etre qui a (5crit sur les Trilobites. Sur especes de Tiilobites, dit M Bar- 
lando, dans uii i(5sumd do ses tra\aux sur co gioupe int(5iessant d’ammaux, dix sont 
variables, mais ces vaiiatioiis ne portent quo sur la taille, la giosseur des yeux, lo 
nombre correspondant des lentilles, le nombrc d’articulations visibles au Pigulwm 
et le nombrc de pointes orncmentales 

Ces vaiiations sont purenient temporaires, ct M. Barrande a constatd dans la plu- 
|)art des cas, le retour a la forme ty pique ou piimitive. Les vaiiations ne senibiont 
etre quo des oscillations tran.sitoires. 

Aucune des d/iO especes n’a piodiiit line nou\ello fuimo spt^cifique distincto et 
permanente Les traces de b ansfot matioii voie de Jiliation sont completement 
imperceptibles. 

Blusieurs zoologistes et pali^ontologistes qui so sont occup^s d’outres gioupes, et 
d’a litres dpoques g^ologiques, sont arrivt'S au mtmio rdsultat apres de longues 
lecherches ct de patientcs coinparaisons 

Le meme ph^uonieue so pr<5sente done a I’l^poque primaire et a I’^poque actuelle, 
ot nous no Aoyons pas quo la concuiienco Mtalo et la si^lection natui elle aieiit pro- 
duit quelque part uno nouvello forme quo Ton soit en dioit do considiJrer coniine le 
r^sultat de la filiation. 


Notes on Dredging at Jladcna. Jhj the Kcv. IL B. Watson. 


Anatomy and PiiYsioLoar. 

On the Pressure of the Aiinosjdicre as an Auenliary Force in carrying on the 
Circulation of the Blood, By Professor A. Buchanan. 

The author holds that the pressure of the atmosphere, rendered effegfive by the 
dilatation of the chest and of the hcait, is an auxiliary to the piopulsivo force of 
the heart so indispensable, that without it the circulation of the blood cannot go on 
for more than thiee and a half minutes. 
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described two experiments bearing on this subject. The apparatus 
each of them is an elastic bulb, fuimished with valves, which enable 
ife a pump. To the opening, by which the liquid enters, there is attached 
jsccnt tube, such as a portion of a sheep’s intestine. If the extremity of this 
18 dipped into water, and the pump, held veitically, is set into action, no water 

jes in the tube. This is Dr. Arnott’s famous experiment, which led him to declare 
that it 13 a physical impossibility that a sucking action of the chest or heart can 
be a cause of the blood’s raotiou m the veins.” Dr Ariiott’s intorpretation of this 
expeiimont has caused the doctiiiie advocated by the author to bo ostracised m this 
country. 

In the second experiment the action of the pump is assisted by that of a column 
of liquid, which is obtained by attaching the fieo end of the intestine to an aper- 
ture m the bottom or side of the water-cistern, and keeping tlie pump constantly 
beneath the lo\ el of the water. The pump was now shown to act with the most 
perfect facility, and without any risk of the collapse of the intestine, which is kept 
constantly distended by the piessure of the column of water. The author argued 
that the blood-vessels aie m like manner kept distended by the piessuie ot the 
blood resulting from the piopulsive force of tlie heart, and explained that if tho 
column of water were about ten inches in height, it would then exeit a force equal 
to the distending foice with which the veins entering tho chest aie kept patt nt by 
tho force of the heart. 

The author tlien proceeded to illustrate his theory by reference to the phouoniona 
attendant upon inspnation and expiration, the pulse, tho condition of tlie foetal 
circulation, and asphyxia. 

An Experimental Inquiry into some of the Results of Inoculation -in the 
lower Animals. By John Ouiene, M.B. 

The author related shortly the results of a senes of experiments in which labbits 
were inoculated with cancerous matter obtained from the human subject In the 
great majority of cases tho matter was intioduced below the skin Tho goneial 
result of tho investigation may be summed up as follows — In rabbits the inocu- 
lation of cancerous matter, obtained (1) fiom post-moitein examinations, (2) from 
tumours removed by tho surgeon, (d) diiectly fioni tin' glowing tumour dunng 
life, does not pioduce cancer, but a local form of cystic formation of a sciofulous 
type, which does not materially differ from tho appc'arances sc'en after inoculation 
of the rabbit with tubercle, or after the mtioduction of any iiiitant Subsequent 
disease of internal organs is raie. Tho local dis(\ase has a tendency to heal either 
by contraction oi by suppuiation In no case did death follow as a lesult of tho 
inoculation In two cases in which rabbits were' inoculated fioin a lymphoma, both 
died in consequence of the viiulenco of tho local inflammation, which xvas accom- 
panied by tho deposit of a largo cake of cheesy mattei. 


On the Composition of the Carpus of the Boy. 

By Professor W. H. Plow ek, F.R.S. 

This communication was illustrated by the exhibition of tho bones of the carpus 
of a dog, SIX weeks old, in whuli tho so-called scapho-lunai bone consisted of three 
distinct ossifications, one coiresponding to the i adiale or scaphoid, one to the intci'- 
medium or lunar, and one to the os cent) ale of Iho typical caipus. Tho samo 
arrangement was found on both sides of the body It is difleient from what lias 
previously been ob&eived, and shows that in some of the Caini\oia at least nmther 
of tho threo above-named elements of tho noinial carpus ar(‘ suppiessed; neither 
are they connate, but they are all developed mdependontly, and afterwards coalesce 
to form a single bone. 


On the Maynctic and Biamayneiic Properties of the Blood. 
By Dr. Authur Gamgee. 
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On the Uses of the Uvula. By Sir Duncan Gibb, Bart.y M.D. 

The author commenced by saying that the true functional uses of the uvula had 
never been wliolly understood, and tlien entered into a desciiption of its composition, 
situation, and relation to neighbouring muscles. Anatomists describe the action 
of the uvular muscle as an elevator, and as therefore shortening the uvula. It is, 
however, a sentinel to the fauces, especially m the act of deglutition, for when any 
substance comes into contact with it, it excites the action of all the neighbouring 
muscles until that is got rid of. But it possesses a function of not less importance in 
holding tlie soft palate tense and firm in the medial line against the wall of the 
pharynx duimg the act of deglutition itself, and thus prevents the passage upwards 
of fluid or solid substances behind the nose. This was siippoited by expeiimonts 
upon a peison who had lost the bones of the nose, permitting of a view of the action 
01 the soft palate fiom its nasal aspect during deglutition, with or without food. 
Under either circumstance, a double arch was seen in the form of two convex 
swellings, held in a state of firm tension by the action of the uvula piosung down 
the centre of the si)lt palate, with its end lestmg flat against the v\ all of tlu' phaiynx. 
Tlu'ro was the )noto) twuld muscle situated supeilicially, like a distinct band, tied 
round the soft palate in it> most important resisting part, to prev ent the possibility 
of food ])assing upwaids, and in this it was suppoited cooidinately by all the 
iieiglibouiing muse les coucomed in the act of deglutition Tliere also was a fact 
not previously known — vi/ the action of tiie uvula as a, point d'appin m holding 
the soft palate temse in the middle line against the pliar3iix dining deglutition, at 
the same time th.it the muscle acted as a compressor of the solt palate itself. Its 
tension ceased the moment that the constrictors of the phaiynx had fully exerted 
their influence ovei tlie substances swallowed Whilst tlie uvula has its special 
uses ill the act of dc'glutition, it oxeits a not less decisive influence upon the voice 
when uttered in a veiy loud tone', or in singing the higher registeis, in both sexes ; 
then its cliai.ioter a^ a levmtoi oi shoitenc'r is exeiteu If this power is impaiied 
by removal of the niusculai (not the membianous) end, Hum the singing povvmrs 
aie damaged The author now described the appearance and action of the uvula 
as seen in singing the higher notes, its point becoming almost invisible, and the 
soft palate being diawn liaelvvvcaids and upwaids, diminishing the space betw(>eu it 
and the wall of tin' pliai^mx The movements of the uvula au exceedingly rapid, 
and vaiy with the continuous or quav'eriug chaiacter ot the singing notes In the 
shakos of the voice it is .seen to be undergoing a senes ol shoit ups and downs, at 
eveiy inspiration descending, and then lapidly ascending, and keeping up until the 
note, prolonged oi otheiwise, is finished. Some leuiaiks weie made upon elonga- 
tion of the uvula and its ellects, a distinction being made between its elongated 
membranous end and the true muscular tip which should not be meddled with 
Speech, the author said, was modulated liy the soft palate and uvula, and the 
motoi power of the latter is unquestionably exeited m pionouncing the letters K, 
(i, and X, with their associations, more especially the gutturals of the v anous 
languages lie summed up tlie uses of the uvula as follows — “ 1 It acts as a 
sentinel to the fauces in exciting the act of deglutition when anything has to bo 
swallowed 2. It compresses the soft palate and holds its posteiior nee bolder 
firmly against the wall of the pharynx in deglutition, so that nothing can pass up- 
wards. d It modilies speech in the production of loud declamation and the 
guttiual foims ol language by lessening or diminishing the pharyn go -nasal passage 
when it acts as an elevaloi. 4 Its elevating power is increased to the most ex- 
treme degiee in the highest langes of the singing voice, and is v ery moderately 
excited in the lower langes 6 Therefore, in its uses, deglutition and vocalisation 
are the functions that aie intimately associated with the uv ula, and both become 
impaired moie oi less if it is destroyed, w^holly removed, or seiiously injured.” 


On some Abnormalities of the Larynx. By Sir Duncan Gibb, Bart., M.D. 

The author described aiare instance of absence of both arytenoid cartilages in 
a gill of eighteen. Likewise one in which tlie epiglottis possessed the shape of a 
trefoil leaf, and two others in boys of fissure of the same cartilage 
All these wcie congenital, and were explained by means of diagrams, 
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Oil the Cinidal and Abdominal Mttfides of the Cnjpiobranch, 
By Professor HuMrniiy, F.li.S. 


On the Existence of Iltemoylohni in the Muscular Tissue, and its relation to 
Muscular Aiiivity, By E. Kay Lanklstlr. 

The author demonstrated to the Section, by means of tlio spectroscope, that 
liaimoglobm existed in certain muscles of the gasteropodous mollusks, 'viz the 
active muscles which move the lingual iibbon and lips ; at the same time tlie blood 
of these gasteropods is entiiely de^old of htemoglobm, being coloiiiless 1'his was 
considered a pioof of the functional relation of ha 3 nioglobin to muscular activity, 
and coincided with the results attained by Ludwig, who demonstrated the absolute 
necessity of the presence of oxygen in a muscle m older that it should be active; 
the hiemoglobin, by its ox) gcn-seizing power, acts iii the same way for the mus- 
cular respiiation as it does in those exceptional inieitebrata which, living in foul 
conditions, are, as the author showed, ^irovided with hcemoglobin in their blood, 
thus being enabled to accumulate what little oxygen thcie is piesent. 


On the Ciliated Condition of the Inner Layer of the Blasfodci in in the Ova of 
Buds and in the Omjihalomesentenc Vessels. By K. T. Lo^\ne. 


On the Beariny of Muscular Anomalies on the Darwinian Theory of the 
Origin of Bpenes. By Piofcssor A. Macilisier, M D, 


On a Xiw Foim of Tetanonutcr. By Dr. M‘Kem)Iiiciv. 


On the Nutrition of Muscular and Pulmonary Tissue in Health and in 

Phthisis, with llcmarls on the Colloid Condition of Matter Bif William 

Maecet, M D , F.li S., late Bemor Assistant Physman to the Hospital for 

Consumption and Diseases of the Chest, Brompton, and to the Westminster 

Hospited, London. 

The author sums up the conclusions at which he has arrived as follows — 

1. Phosphoric acid and potash may be piepared aitificially in the colloid state 
by dialyzing a mixture of cliloiide of potassium and phosphate of soda 

2. Wheaten flour, potato, and rice aie found to contain respectnely neaily the 
same propoitions of colloid phosphoric acid and colloid potash compared to the 
total quantities of these substances piesent , and these same pi opoitions of phos- 
phoric acid and potash are occasionally found to exist also in blood 

3. Plants foim colloid material, although they may find some leady piepared, 
or in process of preparation, m tlursoil. 

4. Muscular tissue in health is formed of thiee classes of substances Ist, those 
which constitute the tissue proper , 2nd, those destined to become tiausformed into 
the tissue proper and make up for the waste , 3rd, those which aie in process of 
elimination. The fiist aie solid and colloid, the second fluid and colloid, and the 
thiid fluid and crystalloid, the phosphoric acid and potash m the 3rd class of 
substances occurring precisely in the proportion required to foim ciystalloid pyio- 
phosphate of potash. This is invariably true for the flesh of oxen, but in the 
salmon the proportions do not quite agree with those of the above compound, 
which appears to show that the matenal in progress of clniiination is somewhat 
less crystalloid in fishes than in the flesh of the higher animals , and this would 
account for an accumulation of eftete matter m the salmon. 

5. The blood-corpuscles appear to take up albumen, phosphonc acid, and potash 
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ill tlie blood, and yield them in the proper proportions to muscular tissue for its 
nutrition , but this subject requires further investigation. 

G. The nutiition of pulmonary tissue in health diilers from that of muscular 
tissue, inasmuch as the proportion of phosphoric acid to the albumen in the tissue 
proper, and consequently also iii the nutritive material, is much higher in the lungs 
than in flesh, and that of the potash in the eflete material is much higher propor- 
tionally to phosphoric acid m pulmonary than m muscular tissue. This excess of 
potash IS apparently eliminatea under the form of carbonate. 

7. The nature of the chemical changes which take place within muscles in con- 
sumption is the same as in healtli ; but these changes are lessoned in degree, the 
amoimt of nutritive material supplied being diminished. Moieover, there appears 
to be m muscular tissue in phthisis a beginning of that separation of water from 
the solids which, under other circumstances, only occurs seme time after death. 

8. Muscular tissue in consumption contains more soda and chlorine than in a 
state of health, in the mean pioportion of 0 117 of chlorine, and 0 239 of soda in 
health, to 0 385 of chlorine and 0*44G of soda in consumption for 200 grammes of 
flesh, showing appaiently that the physical power of diffusion, which had been 
kept in abeyance in health, begins to act iii phthisis. 

0. The pulmonary organ m phthisis, when consolidated and softening, still 
undergoes a process of nutiition ; but this phenomenon is different from that which 
occurs in lieidth, and becomes remarkably like the nutrition ol muscular tissue. 

10 The pulpy slate of the pulmonary tissue m the cheesy or softening condition, 
appears to be due to an altered relation between the water and solids, the colloid 
condition of the tissue being eitheiTost or considerably diminished. The diseased 
organ, moreover, contains less colloid and moie eflete or ciystalloid material than 
it does in health, these several phenomena showing, as m the case of muscles, a 
commencement of physical change 

11. Finally, death fioni consumption, when not due to asphvxia from deficient 
action of the organs of respiration, is appaiently owing to the physical power of 
matter ovei coming the phenomena of life, the nature of which is still a mystery, 
physical changes actually commencing before life is extinct. 


A ]\[odol of the Circulation of the Blood, by Professor IIutiieufohi), was 
exhibited. 


Dietd) iea in the Woilhoii'^e^ of Enql and and 
By I)r. Edvv mid S.Mim, F li >8' , Medical OJJiccr of the Fooi-law Board, 

The autlior rof'ried to the fact tlint S( hemes of dietaiy aie agreed upon by the 
combined action of the local authoiities, viz the gnaidians of the poor, and the 
central authoiity, and showed that, as the dietary should coiiespond with that of 
the labouiing classi's, it must vary in dillerent localities, and be based upon local 
knowledge Tlie dietaiy is thus prepaied by the guardians and examined and 
sanctioned by the Poor-law Boaid lie explained the steps which have recently 
been taken by the latter to give advice to the former and to establish gieatly im- 
pioved dietaiies This was initiated by the Rt lion C P Villieis, who first made 
the appointment of medical oflicei to the Board, and earned into eflect by the Earl 
of Devon and his succes^ois as Presidents of the l*ooi-law Boaid. It is now laid 
down by that authoiity that the foods to be selected shall be tlio«e in oidinary use 
in the sevcial localities, and that the kind and quantity of food shall be adapted to 
the wants of the sev oral classes of inmates. The chief differences of food are found 
in the quantity of meat supplied and the mode in which it is seived, andin the use 
of oatmeal, cheese, milk, and puddings On many of these points the dietaries 
in Dorset and Westmoreland were contiasted Thus ho showed, from inquiries 
made by him for the Government some years ago, that the quantities of food ob- 
tained by the working classes per adult weekly were, in Dorset — biead stuffs, 13 lb. ; 
sugars, 31-oz , fats, 4^ oz ; meat, 7\oz , milk, 12oz , and cheese, 12^ oz. ; while 
in Westmoreland the quantities were, — bread stiifls, 12^ lb , sugars, lOfoz.: 
fats, 6f oz. ; meat, 21-} oz. , milk, 120 oz. , and cheese, 2 oz. He then showed 
what 13 the typical diet of children at various ages, and for able-bodied and aged 
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adults, and tlio <5[uantity of the several foods allowed in workliouses Children 
under two years of age get milk, bread, and nce-piidding daily. From two to five 
years, pudding on throe days, meat and potatoes on three days, and soup or other 
food on one day. From five to nine years there is one other day of meat and po- 
tatoes, and commonly one of soup instead of pudding. From nine to sixteen that 
of adults. For able-bodied, bread and gruel at breakfast and supper, varied by 
broth or cheese in the several localities ; at dinner, meat in some form on four days, 
and pudding or cheese on three daj s For aged, tea and bread and butler at break- 
fast and supper , at dinner, meat in some form on five days, with pudding or choose 
or other food on two days. The standard of measurement of the sufficiency of this 
food IS that which he gave to tho Government when ad\ising on the Lancashire 
cotton-famine, viz 4300 grams of carbon and 200 grains of nitiogen daily ; and tho 
model dietaiy winch he had framed for woikhouscs in the Midland Counties sup- 
plied more than this to the adults. Ho then pointed out that, whilst the above- 
mentioned quantity of food supported the health and strength of the imiiates, except 
perhaps as reg.nds children, there are still many worklioiisi's wdieie the dietary is 
very un^-atisfactoiy. In some, gruel and bread arc givcui at brealifast and supper 
to uearl} all tlu' inmates, or where meat in a separate toim is not given, or whcro 
a very small quantity, as 2 oz. or 3 oz. of raw meat w^as allowed two or three times 
a week, or where broad and cheese alone aie given to some classes m eighteen out 
of twenty-one meals weekly, or where soup containing no meat is given thrice a 
week, or wdiere meat when given is given only when cold , whilst, on tho other 
liand, there are W’orkhouses m tho manufactuiing districts wdiere meat and bread 
are given m great excess lie was of opinion that the time may arrive wdien tho 
Government wull prepare sevi'ral schemes of dietary for different parts of tho 
countiy , but in the meantime impro\ements are now in rapid progress. He ex- 
hibited tables showing the qiiantities of food taken by the w'oiking classes in every 
county of England and in Wales, and the dietary which he had recommended for 
use in workhouses in the Midland Counties , and ho also r(\ad the details of tho 
dietary which Professor Chnstison had devised fir the hldmburgh chanty work- 
house in 18o4, supplying oatmeal and butteimilk at bieaktast and supper, and meat 
soup with bread at dinner. 


On some Itadlmentnrij Siruefuirs recenthj met with in the Dhsatlon of a 
Jarje Fin- Whale. B\j Prof. STiuTnirKs. 

The whale was a specimen of the Rnzoiback {Bahenoptcra Musenhe^), 04 feet in 
length It was found dead in the North Sea, otf jVbeideen, and towi'd into Peter- 
head. Searching for a rudiment ot the hind limb, tho author loiiiid it represented 
by a bone attached by ligaments to the extenial proce-^js of tho pelvic bone. Ho 
found a sixteenth pan ot nbs. The first rib had aiticulated to it a capitulai process 
4 to 5 inches in length The tloxor and extensor muscles of tlu' fingers were carefully 
dissected The muscles found weie tho honiologuos of the following muscles m 
man — tlexor carpi ulnaiis, flexor profundus digitoium, flexor longus pollicis, ex- 
tensor communis digitorura. The flexor carpi iilnans was inseited into a distinct 
and moveable pisiform cartilage. These muscles the author regarded as rudimentary 
structures, whose function was not extinct but low , not to be explained by notions 
of final cause or of so-called type^but by inheritame and tlie inlliumce of function ; 
the one, as part of a great scheme of evolution, accounted foi their existence, the 
other, by fitness and use, had preserved them from becoming extinct. 


On the Cervical Fertehrce in Cetacea. By Prof. Sirutiiers. 

Tho paper was directed chiefly to tho consideration of the various conditions of 
stiffness and mobihty of the vertebra), and tho various degrees of development of the 
transverse processes. The seven vertebrie were pesont as a mammalian affinity, 
and their conditions are modified by function. The surgeon gives his patient a 
moveable or a stiff joint according as he desires, by practising either rest or motion, 
and the same law would no doubt act m tho whalers neclc. The great ring of the 
transverse processes contains a large vascular plexus, as it contains an artery in 
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man^ but that is not its meaning. It is the walls of the ring which are developed 
for ligamentous and muscular attachments. The lower processes he divided into 
three stages, and compared these to three stages of the corresponding parts m man. 
The ligaments between the axis, atlas, and occiput had been dissected, and he 
demonstrated their modifications in the whales. One of the great whales was the 
Peterhead Razoiback noticed in the previous paper, the other had stranded at Wick 
in 1809. The Pike whale, showing the deficient parts of the bony transverse pro- 
cesses to be 1 epresented by fibrous bands, had stranded at Aberdeen last jear. The 
next specimens exhibited were from the Narwhal, male and female. Possibly 
m adaptation to the possession of the great tusk, the veitebrm were moveable, 
while m the female, without the tusk, they were less moveable. The male 
showed also an additional joint, on the same side as the tusk, between the atlas and 
axis. Passing next to the stiff-necked whales. Prof. Struthers exhibited a large 
series of specimens from the Globiocephalus, obtained from the flock which stranded 
near Edinburgh some years ago, Tliej^ showed progi’essivo anchylosis of the ver- 
tebrae, and degt’iieiatioii of the tiansvciso processes. The younger ones showed 
oven the rudiments of the epiphyses of the vertebial bodies, on vertebrae themselves 
rudimentary. The last nock exhibited was that of a Right whale, the interest 
attaching to wliicli was that, though probably a Greenland Right whale, it presented 
more of the chaiacters of the Right whale of the South Sea The conclusion he 
drew from the study of this neck was that the supposed difierenccs between the 
Right whale of the Noith and South Seas were not so fixed characters as had been 
supposed. 


0)1 the Restoration of the Tall ni Protoptorus annectens. 

Bij Professor R. H Traqijair, M D. 

Piofessor Traquair described two specimens oi Ft otopteriis n;mecte;?5, in which 
the exteinal contiguration and internal stiuctiire rendered it evident that a consi- 
deiable portion of tlie tail had been bioken off, and that in the one case a less, and in 
the othei a gi'cater amount of lestoration had taken place. In the first specimen, 
winch measiiied 8| inches in length, tho body was trimcatcd abruptly dg inches 
behind tho oiigin of the ventral tin^i This tiuncated termination of the body was 
fiinged by a delicate niembiane, piojecting half an inch backwards in the middle, 
and containing n pointed central axis. On dissection tho abrupt tiuncation was 
equally obvious in tho internal parts , and tho flinging membrane, with its axis, 
was evidently a commencing lestoration of the in]uied tail, the central axis con- 
taining a minute newly formed notochord, lateral muscles, and spinal cord, but 
there was as yet no new development of neuial or luenial niches, spmes, fin-sup- 

f iorts, fin-rays, or scales In tho second specimen, which measured inches m 
ength, and had evidently been truncated or mutilated at a distance of about 
7^- inches from tho tip of tho snout, or ]| inch Iroin tho oiigm of tho ventral 
fins, tho restorative process had pioceeded to a much gi eater length. Although 
the boundary between the old and new textures was sufficiently indicated on 
the outside of the fish, by tho sudden diminution m the thickness of tho specimen 
and m tho size of tho scales, the outline of the posteiior extremity of the animal 
was very well restored, though tho whole tail was still proportionately shorter than 
if no mutilation had taken place. The restored portion of the tail measured 2} 
inches in length, and on dissection showx'd not only, as m the former case, a 
reproduction of the notochord, but also of the neural and haemal arches, spines, and 
fill-supports, these elements remaining, however, entiiely cartilaginous, and being 
much more iiiegularly disposed than m the noinial tail. They also cease to bo 
traceable after 1^ inch fiom tho conmieiicement of tho new portion of tho tail, 
though the notochoid proceeds to its ultiniati* filiform tmmimation. In addition 
the spinal cord, the lateral muscles, and the fin-rays and their muscles were m 
this specimen lepioduced as well as the scales on tho external surface. Roth 
externally and internally the lino of demarcation between tho old and new textures 
was distinctly seen. 
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On the Morbid Appearances noticed in the Brains of Insane People. 
By Dr. J. Batty Tuke and Professor Rutherford. 


On the Placentation in the Cetacea. By Professor Turner. 

The author gave an account of the arrangement and structure of the gravid uterus 
and foetal membranes in Orca gladtator. The paper is printed in cxtenso in the 
Transactions of the Royal Society of Edinburgh, 1871. 


Notes on the Cervical Vertebree of Steypirethyr (Balaenoptera Sibbaldii). 

By Professor Turner. 

The author described in this communication the cervical vertehrre of the large 
female Steypirethyr whale stranded at Longniddry in November 1869, an account 
of the soft parts ot which he had given in the Transactions of the Royal Society of 
Edmbumh, 1870. Reference was also made to the cervical vertebrae of a large 
female oteypirethyr stranded at Northmaven, Slietland, in October of the same 
year, many of the bones of which are in the author’s possession. The following 
are some of the principal measurements of three vertebrae of the Longniddry 
Steypirethyr 

Atlas Axh Cth C V. 

Indies inches. inches. 


Between tips of transverse processes .... 37 43] 45 

Transverse diameter of anterior articular 

surface 10 18 14^ 

Vertical diameter of neural canal 9 (>] 5^ 

Transverse diameter of foramen at root of 
transverse process 0 8] 11] 


The transverse process of the atlas was not peiforated by a foiameii j those of 
the 2nd, 3rd, 4th, 5th, and 0th each possessed a large oval foramen at the root. 
The 7th cervical vertebra had only its supeiior transveisc process well developed j 
the inferior was marked simply by a slight iidge on the body of the bone. In the 
Northmaven specimen the inferior transverse process of the Cth vertebra was only 
partially developed, so that it did not join the superior, and the boundaries of the 
ring were imperfectly formed. The author bclieied that Steypiietliyi was not an 
uncommon whale on the Scottish coasts. In addition to the two specimens already 
referred to as stranded in 1809, he had also identified the great whale stianded at 
North Berwick m October 1831, dissected by Dr Robeit Knox, and the skeleton 
of which IS suspended in the Museum of Science and Art, with this species. Be- 
longing also to this species was a whale stranded at Aberdour in J uly 1858, which 
he nad been able to identify fiom the nasal bones, which had been preserved by 
Dr M®Bam. Stcypiretliyr is apparently the largest of the Fin-whales, and it 
seems to be leiy doubtful whether the common Ra/or-back, B. musculus, e\er 
attains the length of 70 feet. 


Conti ihutions to the Anatomy of the Thoracic Viscera of the Ehphant. 

By Dr M. Watson. 


Anthropologt. 

Address to the Department of Anthropology . By Professor Turner. 

As this is the first time in Scotland that an Anthropological Department has been 
constituted in connexion with a Meeting of the British Association, and, indeed, as 
it is onK the third time that a department of the biological section has been formed 
■with this title since the first one, which was instituted at the Meeting in Not* 
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tingham in 1806, it may not bo out of place to say a few words on the object to bo 
fulfalled by this department, on the place which it occupies as a subdivision of the 
Biological Section, and on the part wliich it may play in the proceedings of a body 
like the British Association for the Advancement of Science. First, what significa- 
tion is attached by men of science in these days to this term Anthropology ? The dis- 
tinguished traveller and naturalist, Mr. A. II. Wallace, who was the first occupant 
of the chair which I have now the honour to fill, m his introductory address to the 
Department at the Nottingham Meeting, defined anthropology as “ the science which 
contemplates man under all his vaiied aspects (as an animal and as a moral and 
intellectual being), in his relations to lower organisms, to his fellow-men, and to 
the universe.” It is obvious that a science thus defined is most comprehensive in 
its scope, that it embraces the nature and constitution of man, physically, psychi- 
cally, and moially ; the differences and resemblances between man and otlier or- 
ganisms j his habits and language, his history, past, present, and futuie. 

But, wo may ask, has the term anthropology always had so wide and compre- 
hensive a meaning as many men of science now attach to it ? A biief glance at 
the history of the term will show us that this has by no means been the case, and 
that the term has had a variable and progressive sigmhcation. With it, therefore, 
as with so many other terms emploj^ed in science and pliilosophy, it will be needful 
to ascertain to what school of thought a writer belonged before we can feel assured 
of the exact signification ho attached to it. So far as I have been able to ascertain, 
the term, under the ioxm oianth op oloq os, first appeared m liteiatuie in the Ethics 
of Aristotle. It occurs in a passage where Aristotle is drawing a picture of a lofty- 
mmded man — ^^One who will not compete for the common objects of ambition, 
who will only attempt great and impoitant matters — who will live for his friend 
alone, will bear no malice, will be no gossip (o?<^ anthi opolo<jo<>'), will not be anxious 
about trifles, and will care more to possess that which is fine than that which 
is productive.” (Grant’s ‘Aristotle,^ 2nd ed vol ii p 77.) In this passage, Aris- 
totle, who had in all probability coined the term for the particular occasion, em- 
ploys it in the sense or a talker about himself and others — a meie gossip With 
niin it had a purely personal signification, and was used to express a single phase 
in the character of an iiidmdual man, and not as a term applicable to mankind m 
general. We liav e no knowledge, indeed, that the science of man ” liad any place 
assigned to it in the philosophical systems cither of Aiistotlo or any other Greek 
philosopher For tliougli Aristotle himself, m a higher degieo than any of his 
compatriots, had taken a fai-sweeping survey of science and philosophy, and had 
acquired an acciuacy of conception of man’s moial and psychical characteristics 
such as may fairly be put on a par with the results of modern investigation, yet 
his knowledge ot man’s physical nature was ciudo and inexact. It is undoubtedly 
true that ho both observed, and recoided observations, on vaiious points in human 
and comparative anatomy and physiology, but these observations, owing to the 
impoifection of the nudliod pursued, were wanting in precision. Hence, not only 
with Aristotle and his contemporaries, but so long as the Aristotelian method of 
inquiry held firm sway over the minds of men, anmcxactncss and wantofpiecision 
in observation prevailed, which lendered it impos.siblo to found a true science of 
anthropology Nothing, indeed, is more remarkable m the contrast between 
the aneionts and modems than the comparative weakness of the foimer in the 
sciences based on observation, experiment, and collected facts , and in consequence 
of the greater superiority of the latb'r in these methods of inquiiy, a div ision and 
subdivision of the sciences has taken place m modern times, such as would not have 
been even dreamed of by the ancient Gieeks. 

Early in the sixteenth centuiy, when men began to emancipate themselves fiom 
the intluence so long exercised by the school of Aiistotlo, the tc'rm appealed again in 
literature under the ioxmAnthropoloqeion,a. purely anatomic alwoik beat mg that title 
having been published in 1501 (Bendyshe’s ‘History of Antliropology,’ p 652); and 
80 late as the year 1784, Professor J. W Baumer published at Fiankfort a treatise 
on human anatomy and physiology, with the title of “ Anthropologia Anatomico- 
Physica.” By these writers, theremre, the word anthropology was limited to the 
physical aspect only of man’s nature I3y another school of thinkers and vvTiters the 
term was employed to express, not the physical, but the moral and psychical aspects 
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of human nature, and by some divines it was used in a very special sense to denote 
that manner of expression by which the inspired writers attribute human parts and 
passions to (jiod ” (Encyc. Britannica). Gradually, therefore, the term has acquired 
a wider and wider application, until in these days it has been made to embrace the 
whole science of human nature. 

Both in this country and on the Continent societies have been established for the 
cultivation of this science in its widest and most comprehensive signification, and 
some of the results of their labours have been given to the world in numerous pub- 
lished memoirs on the anatomy, psychology, languages, arts, and customs of man- 
kind, and on the distribution and characteristics of the various tribes or varieties of 
men which inhabit or have inhabited our earth. 

Wo may now inquiie what place would be occupied by a subject embracing so 
wide a langc of topics as anthiopologyin the propamine of a scientific body oigamzed 
on the basis of this Association — of a body which, it must be remembered, was ori- 
ginated, and had pursued a highly successful career, many years before men began 
to think or speak of a science of anthropology m the sense in which the term is 
now employeu. And, without doubt, the first and most logical step was to pursue 
the course which the General Committee took at the Birmingham Mooting in 1805, 
to enlarge the scope of Section I), and by altering its title fiom Zoology and 
Botany to Biology, to make it embrace the whole science of oigauization. An- 
thropology, tlieiofore, or the science of man, naturally came to be includ(>d -nitlnn 
this Section, and leave was given to the Committee of the Section to form a special 
department for the consideration of anthropological papers, should memoiis suffi- 
cient in number and importance be presented foi peiusal. So far, then, as the 
associatiim of men together in one section can form a bond of union, all those who 
work at the elucidation of the facts and laws of oroamzation, whether they apper- 
tain to the lowliest plant or animal, or to man himself, find in this Biological 
Section a common meeting- ground And, I would venture to submit, it is right 
that it should bo so For the investigation of the physical aspects of man’s nature, 
which necessanly forms so large a pait of oui pioceedmgs, demands the same 
precise method of woik, and needs exactly the same training, as has to be gone 
through bv all who aspire to excel either m this or in the other di'partments of 
biology. If we look at the history of our subject, and, without refening to living 
men, recall the names of those who ha\e contiibiited largely to its progiess — ■ 
Haller, Linnaeus, Blumenbach, Cuvier, .Tohannes Muller, William Lawience, and 
John Goodsir at once stand out prominently, not only as accomplished anthro- 
pologists, but as men well veised in a wide range of biological &tud3\ Those who 
are conversant •wnth anthropological literature will, I doubt not, lia\ e little diffi- 
culty m calling to remembrance various wiitiiigs in which errors, not only in the 
description of objects, but in the general conclusions ariived at from their exam- 
ination, would have been avoided, if the previous training ot the authors had been 
of a wider natuie ; if they had fully appreciated the import of the processes of 
growth and development, nay, even the alienations from the normal state through 
pathological changes occurring dunng embryo, or adult life, to which man is sub- 
ject in common with other -vertebrates. 

It is, I trust, needless for mo to enlarge further on this topic, so that we may- 
next proceed to inquire biiefly into the pait which an anthropological department 
may j^ay m the piocecdings o£the British Association In societies devoted solely 
to the consideiation of anthropological questions, and acting as independent bodies, 
such as the Anthiopological Institute of London, or the corresponding Society in 
Paris, all the subjects included within and constituting the Science of man natu- 
rally fall within the scope of inquiry, and come under discussion as opportunity 
offers. But in tins department ot the Association we ha\e not that complete in- 
dependence of action which these societies possess. AVe are only members of a 
still larger bodj'^, and the function which we perform must be duly subordinated 
to the common good , and owing to our recent introduction into the programme 
of its proceedings, much of the ground which many would consider we were fairly 
entitled to cover, has been largely preoccupied by other and older departments. 
As the physical aspects of our subject are based on anatomy and physiology, many 
of the papers on the structure and function of tho human body and its constituent 
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parts may doubtless be claimed by the Department of Anatomy. To other papers, 
in which comparisons are instituted between human and animal structure, the Zoo- 
logists may consider they have a title. To some extent also the habits of man 
and numerous important questions of a social nature are discussed in the Section 
of Economic Science and Statistics. The time when man first appeared on the 
face of the earth, the formations in which his remains and those of contemporary 
animals are found, may come under the consideration of the Geologists. As our 
subjects therefore dovetail so intimately with these other Sections of the Asso- 
ciation, questions may occasionally arise whether papers submitted for perusal 
come more appropriately within their province or within ours. Probably the most 
satisfactory mode of solving this difficulty would be for the different Sections con- 
cerned to come to a common understanding that all papers wliicli tieat of the ori- 
gin, varieties, and progress of mankind should he forwaided to this department. 

Again, if a separate Ethnological Department or subsection were formed, as has 
been suggested, or even if ethnological papers were read, as was for so many years 
the case in the Geographical Section, not only would all these communications on 
the characteristics of the different varieties of man, or their distribution over the 
globe, but even papers on comparative philology, and on questions appertaining to 
the early history ot man, and to nis pnmitive culture, in all probability be subtracted 
from our proceeding Without doubt, all ethnic questions foim aii integral part of 
anthropological study, for ethnology is one of those subjects winch form the giound- 
work of our science , and as it is an axiom that the whole is gi enter than and in- 
cludes the part, all these questions naturally fall to be discussed in this department, 
and should not be di voiced from their natural allies. The decision of tlie General 
Committee that the ethnological papers should be transmitted to this department 
was but to restore them to the place they originally occupied in the proceedings of 
the Association, for m its eaily years ethnology was a subdiMsion of Section D. 
The brief liistoiy of this depaitmeiit teaches us that its struggle for existence has 
been a severe one. It was only after the dissociation of the ethnological papers 
from tlie Geographical Section that our proceedings acquired much vitality, and 
to remove them fiom us now would be a severe blow to oui usefuluyss. ^ 

After recommending the Antiquaiian Museum to the attention of visitors, Pro- 
fessoi Tunier concluded as follows — As the ‘‘ noblest study of mankind is man,” 
the subjects which come within the scope of our inquiiies in this depaitment are 
amongst the most important in which a body of scientitic imm can be engaged. 
Let us approach their consideration with a spiiit of dm* humility and icveiencej 
let our discussions be so regulated that our di'Siie may be, not to attain merely a 
personal victoiy in arj:>ument, but, if possible, to get at the truth And if we claim 
to be called anthropologists, let not men say of us that our light to bo so legarded 
is rather owing to our proficiencies, in the old Aii.stotelnui meaning of the teim, as 
discussers of peisoiis — ineio gossips — than to our qualifications as p.itient and 
humble students ot the great science of human nature. 


On the Anthropology of the Merae, By JoiiN pEDHoi^, M.T), 

The Meist' IS the low countiy ot Dorwickshire. Its ethnological bistoiy is pretty 
ncaily tliat of the county of Northumberland, with certain vaiiations, which have 
intiocluced a little inoie of the Gaelic and ScaiidinaA lan elements. The people are 
stalwait and bulky in a lemaikable degree , a nuniber of the pure biced averaged 
6 feet 11} inches with shoes, and 199 lbs. with clothes. Their heads are Jaige and 
well developed. The pre\ ailing physical types may be referred to the Anglian and 
Scandinavian. The hair and ejes aie genei ally light. The tisheimcn of Eye- 
mouth are a separate breed j they also aie very fan, and leseinble Dutchmen or 
Norwegians. Changes m the food of the peasantry (who aie giving up oatmeal 
and milk) and intermixture of blood, may hav e an unfav'ourablo inlluence on the 
physical development of the next generation. 
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On Degeneration of Dace in Bntain, By John Beddoe, M,D. 

While he allowed that in some classes, and particularly in the upper classes ot 
townspeople, the conditions of life were on the whole improving, and that the opera- 
tion of the Factory Acts had checked the progress of physical degeneration among 
manufacturing operatives, the author was of opinion that, on the whole, the agencies 
tending to promote degeneration were more powerful than the countervailing ones. 
Among them were the great increase of town population, the relative or even ab- 
solute diminution of the inhabitants of rural districts, the increased demand for female 
and youthful laboiu, and for labour of a nocturnal or otherwise exhausting kind. He 
did not think the food of the people improved proportionately with the rise of wages. 
The disuse of milk among tlie poor of largo towns and some dairy districts was a 
great evil, and might have to do with the flowing deterioration of teeth. England, 
the richest and most advanced of the four British countries, had been shown by 
Edward Smith to be the worst fed, so far as regarded tlie working classes. 

Dr. Beddoe’s opinions were based in great measure on the results of certain 
weighings and measurements executed by his correspondents in various parts of 
the country, and he was anxious to add to the nuinbei of these correspondents, and 
to obtain more data of a similar kind. 


OnLe Bette Communi, a German Colony in the neighbourhood of Vicenza. 

By Dr. Chabnock, F.B.A. 

After referring to theories as to the oiigin of Le Sette Communi, the author of 
the paper showed that they settled in Italy temp. Theodoiic, king of the Ostro- 
goths. The population amounts to 26f)00. The people are principally engaged m 
breeding cattle. At the present day quite two tliiids of them would seem to bo 
neither of German nor of mixed oiigin, but aie pure Italians, and speak Italian. 
Even the rest of the people (many of whom lia've intermaiiied with Italians) bear 
a greater resemblance to the latter than to tlie Germans Dr Ohainock never- 
theless noticed many people with fair hair and German featmes This was espe- 
cially the case among the women. The people are simple in their manners, and 
honest, but are poor, dirty, ignoiant, and superstitious No cases of goitre or 
cretinism, and no peculiaiity of diess were obsoived The dialect re'?embles the 
Oberdeutsch of the 15th century, and the language still spoken by tlie mountnin- 
dwellers of the Schlier and Togern. The author made some leniaiks on the' giani- 
mar, and the paper concluded vith a \ocabiilaiy of some of the most impoi taut 
words, and a specimen of the Loid’s Prayer, which Di. Chaiiiock compaied vith 
that of Le Tredici Communi. 


On the Physical, Mental, and Fhdologhal Characteristics of the Wallons. 

By Di. Chabnock, FS A , and Dr. Cibter Biake. 

The ordinary Wallons stand m the same relation to Belgium as tlie lush pea- 
sants do to the Sabseiiach ” of England. 'Jdiey are usually jovial, good-natuied, 
generous, hospitable, chaste, poor, quarielsome, and supeistitious, like the Irish ; and 
thus evince their Keltic descent They are tough, longh, and hardy, and make 
excellent soldiers. The SpanislLarmies in the Pays-Bas were made up ot Wallons. 
As e\idence of their peculiar character, a Wallon will diag a pig fiom Namur to 
Ghent, Bruges, or Antwcip, to gam a few sous moie than he could m his own distiict 
The character of the people dillers somewhat m each district. Those of Liege are 
very lively, spintual, and laborious , those of Namur proud and coar&c. 'ILe Wal- 
lons of Lower Pomeiama stand even lower than those of Namur. Among the 
Wallons of Liege, even the women are renowned for their strength, industry, and 
energy. Like the men, they do the hardest kind of work, as coal-drawing, and 
towing the Meuse boats, and the Germans style Liege Ilolh dei Fiaiien ” 1'ho 
Wallon dialect is rich in metaphors, witty in expression, boldly figurative, and full 
of onomatopoeias. Generally sneaking, it may be said that the Wallon is a sjio- 
ken, not a written language. The pronunciation difiers in different localities ; and 
such are the modifications of accentuation, that almost every village has its own 
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manner of expression. Measurements of several Wallon skulls showed that a greater 
amount of dolichoceplial^ was attained in them than amongst any other Keltic 
race, except the Keny Irish. 


0)1 an Inscribed Stone at Newliaggard, di the Coimty of Meath. 

By Eugene A. Conwell, LL D., M.It.LA. 

The author stated that the stone, of which a rough drawing of the natural size 
was exhibited, lies m a field near the nver Boyne, belonging to J Youell, Esq. 
The stone is a block of Old lied Sandstone, 2 ft 11m X 2 tt. 10 in. X 1 ft. 8 m. It 
Ls known in the n(‘ighboiirhood by the name of ‘‘the Giant’s finger-stone.” It is 
now 115 yards from a circular eaithen encampment, which the author described. 

There are charactei\s on all of its surfaces which the author believes to be cut, 
and not punched. The author is not able to give any interpretation of these 
markings. 


0)1 the 0)icfin of the Domestic Animals of EiD'ope. 

By W. Boyd Bvwkins, M.A., KB.S., F.G S. 

None of them date so far back as the Quaternaiy age. The sheep, goat, small- 
hoincd ox (Z?o!. hmgif/om), the domestic horse, the dog, the tamed wild boar, and 
tlie tnif-hog, to wliicli all the Ihiiopean swine can bo traced, appeared in Europe 
at the same time m the Neolithic age lie argued thatthej were probably derived 
from the East, and impoited by a pastoral people from the cential plateau of Asia. 
The OMdence afioided on the point by the southein foi ms of vegetation found along 
with this gioup of animals in the Swiss lakes adds considerable' weight to this view. 
In Britain, down to the time of the English m\a.sion, there was no evidence of any 
larger breed of oxen than the small short-horned Bos lo))gif) o)is \ the larger breed of 
the U)us type were piobably imported by the hlnglish, and is repicscnted in the 
present day m its puiity by the while -bodied, red-eared Chillinghara ox. In the 
couise of the discussion ])i Sclater fully agieed with the views of the speaker as 
to the eastern origin of our domestic animals, since the East is the only region in 
which the wild ancestors of the domestic breeds aie now found. 


On the attempted Classification of the Balceolithic Age by means of the 
Mammcdia. By W. Boyd Dvwkins, M A., F.ll.S., F.G.S. 

The late eminent Eionch naturalist, INI Laitet, acting on an a piioii consideia- 
tion, has attempted to dnido up the Paheolilhie ago into four distinct periods. 
“ L’age dll giand ouis des caAeines, I’age do Telephaiit et du ihinoceros, lage du 
reime, et I’ago do rauiochs” The very simplicity of this sy.steni has made it 
popular Thoie aie, howe\er, two fatal objections to this mode of classification. 
In the first place, nobody could expect to find the whole Quaternary fauna buried 
in one spot One animal could not fail to be better represented in one locality than 
another, and therefoie the contents of the cave- and iiver-deposits must always 
have been diflercnt The den of a hyiena could hardly be expected to alford pre- 
cisely the same animals as a ca\ e which had been filled with bones by the action 
of water. It therefoie follows that the veiy diversity which M I;artet insists upon 
as representing difieieiit peiiods of time, must necessarily ha\o been the result of 
difi’ereiit animals occupying the same area at the same time. In the second place, 
M Lartet has not ad; anced a shadoiv of proof as to which of these animals was 
the first to airive in Europe Erom the fact that the glacial period was colder 
than the quati'rnary, it is probable that the arctic mammalia, thoinainmoth, woolly 
rhmoceios, and tlie lemdeeraiiived hero befoie the advent of the cave-bear It is 
undoubtedly tine that they died out one by one, and it is very probable that they also 
came in giadually The fossil lemains fiom the English caves and riv cr-deposits, 
as,*for instance, those of Kent’s Hole or Bedfoid, pio;o only that the animals in- 
habited Bntain at the same time, and do not in the least degree warrant a^ specu- 
lation os to which animal came here first. Nor does it apply to Franco or Belgium, 



160 


EBPORT — 1871. 


for in tho reindeer-caves of both these countries the four animals in question occ r 
together — the mammoth with the reindeer, and the aurochs with the cave-bear. 
In Belgium, indeed, the reindeer was probably living m the Neolithic, Bronze, and 
Iron ages, smce it lived in the Hercynian forest in the days of J ulius Ciesar. 


A Gkcm of the Sa^'on in the Weald, By Walter Bendy. 


On the liehtlve Ayes of the Flint- and Stone-Implement Periods in Eivjland. 

By J. W. Blower, F.O.S. 

In this paper, the author, after pointing out tho great importance of the subject 
in relation to anthropology, stated that he proposed to show that, having regard 
to tho result of recent roseaiches and observations, the airangemeiit hitherto usually 
adopted of dividing tho stone ago into two epochs or periods only (Palaeolithic 
and Neolithic) was insufficient, as regards England, and that for tho purpose of 
scientitic investigation, that which has been called the Paheolithic, might pro- 
perly bo 8ubdi\ided into at least three distinct periods. That upon geological 
grounds, tho Diift-iniplement period must bo regarded as remote by a vast in- 
terval from the Bone-cave period, with which it has been classed by Sir Ohailes 
Lyell and Sir John Lubbock, inasmuch as the gravels and sands which now 
overlie the implement-beaiing gravels must certainly have been deposited after 
the implements were formed, and tho production of such considerable masses of 
detritus can only have been the work of very extended periods of time, which had 
been conjectured as embracing oven 100,000 years. That since these implements 
were made, it was obvious that most important geoloj^ical changes had occurred, 
and in particular, that during this interval England had been severed from tho con- 
tinent of Europe, as the Isle of Wight had been separated from England. That m 
England and in France the gi’ai el in, or under which the implements were found, 
as well as the animal remains found with them, were of precisely the same oiigin 
and mineral character, and in both countries resting immediately upon the Chalk ; 
and as further evidence that the implements were made before the separation; 
and that thus tho two countries -were then inhabited, ma^ be noticed the fact, that 
both m the valley of the Somme, and in that of tho lattle Ouse iii Norfolk, the 
implement-bearing beds aie overlain by thick deposits of peat, containing ])recisely 
tho same vegetable and animal remains, which in both countiies aie quite di- 
stinct fiom those of the Drift, and of a far later date — amongst otheis, the Beavei, 
Bos lonyiftons, Boe, Wild Boar, and lied Deer. 

As further oiidence of tho extreme antiquity of these objects, Mr Flower also 
drew attention to tho circumstance, that hitheito no implement of the true diift- 
type had been found noith-west of a line drawn from the estuary of tlie Severn 
to that of the Wash, between Noifolk and Lincolnshire, following the Lias escarp- 
ment, and only a little northward of tho limit of tho Boulder-clay deposit , and he 
suggested it as by no means impossible, that when these implements were made, 
the north of England, and perhaps all Scotland and Wales, were still submerged ; 
and that although the implements were certainly found in Bedfordshire and Norfolk 
lying on Boulder-clay, those districts, not improbably, weie elevated, and perhaps 
inhabited very long before the lands now lying to the north-west became halbitable. 

The author considered it extremely improbable that either the drift implements 
or the gravels in or under which they are found, if transported by river-action, 
should have been deposited, as had been commonly supposed, by rivers which 
then ran in the same direction, and drained tho same areas as noiv ; inasmuch as 
they have lately been found at such elevations, and in such situations, as to preclude 
the belief that at any period since the surface assumed its present contours, any 
existing nvers could have effected the transport ; and in support of this view several 
recent discoveries were referred to. 

He further observed that it seemed by no means certain, as was generally 
believed, that the makers of the flint implements were contemporary with the 
elephants and other animals, with whose remams they were often mimd asso- 
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ciated ; proximity does not of necosaity imply (although it may suggest) contem- 
poraneity, at least not in deposits of this character. The animal remains were 
undoubtedly transported from some distance, together with the gravel in which 
they are now found, whereas, from various indications which the author specified, 
it seemed evident that the implements were manufactured from stone taken 
that gravel, and at that time lying exposed upon the suifaco 

In order to show that the implements of the Drift were of far greater variety in 
form and use, and much bettor workmanship than those of latei times, IMr Flower 
exhibited a large series, showing sixteen or eighteen distinct forms , and as evi- 
dencing the palceontological distinction between the Drift- and the Cave-periods, 
he stated that while the former contained, so far as at present linowii with cer- 
tainty, only six genera and seven species, the latter exhibited fourteen additional 
species, compiismg the important forms of Hyneiia, Wolf, Lion, Badger, Elk, and 
Iiare, and thus exhibiting (with one somewhat doubtful exception, that of the 
Cave-bear) the first appearance of Carnivora amongst the postglacial mammals 

Mr. Flower then adverted to the entire absence from the linft of any works of 
art otlier than the implements, whilst the Caves piesented nunn'rous foims of 
weapons and tools in bone as well as in stone and llmt, oiilv one of which could 
be said to agree with a Drift form; and ho added that the Tumulus- or Barrow- 
period, which he consideied >vas the next distinct Stone-pcriod in older of time 
in England, was separated from that of the Caves by an intf'ival of vast duration, 
as indicated by the entire disappearance of the Carnuoia and Bachvdeimata found 
in the oaves, and the intioduction, by creation (or as some might say by evolu- 
tion), of a Fauna almost entiiely new, comprising almost all oiii domestic animals, 
and in addition the use of bion/e, jet, and anibm’, and other objects indicative of 
a great advance in civilization 

In conclusion the author expressed Ins opinion that inasmnch as bionze was 
ceitainly in use at the same time with the stone implements of both the Paloeo- 
lithic and Neolithic types, as evidenced by its piesenco as well in Celtic tumuli as 
in the niegalithic monuments of presumably latm* date, it could not propeily be 
regarded as posteiior to cither of them, oi as K'presenting any distinct epoch; 
and as regarded the Htone-period, ho suggested that what had been known os 
the PalcColithic might piopeily bo classihed under thee liends, viz PukcolithCf 
to bo confined to implements and tools of the Diift , Anhaie for the Bone-cave 
objects, and tho-^e nt like date found on the surface, while the tcim FiehibtoriG 
might ho used to di'signato the iiido stone tlakos and knives &c found m the 
bairows, the tmui Keohtlne might ho applied to all the polished or giound stone 
implements, while the term Jiionto might be K'gaided as common to both that and 
the Aichaic peiiod, rather than as lopieseiiting any distinct eia. 


0)1 Centenarian Longevitg Bg Sii Duncvx Cimi , Bart , M.D 

Ills observations had leference to tho physical condition of centtuiaiians, which 
helped to show how they were enabled to leacli such a gieat age They were 
deiived fiom a comparison of foui genuine examples he had himself seen. These 
he hoped to raise to six in a tow davs by a visit to t\\o otheis near 1‘klmburgli. Of 
the four, two were males, each 103 years of age, and two females, aged 101 and 
102 , the last of tho four was still alive. Regarding their ago there was no doubt ; 
for he had been as laieful on that point as any believer iii tho questionable asser- 
tion of Sir Geoige Coinevvall Lewis that no one ever reached a hundu'd years. 
The author found in all four tho functions of breathing and circulation performed 
with tho most complete and peifect mtegiity, there being an absence even of those 
changes usually seen as tho lesult of ordinary old age. The chest vv.ia well formed 
and of fau'ly good capacity, the cartilages of tho ribs weio not ossified , the voice 
was good, clear, sonorous, and powerful, though a little cracked and tremulous in 
two — its power depending upon the capacity of the chest and nitegiity of the 
lungs. The heart (the great organ of the circulation) was quite healthy, and free 
from the chief sources of trouble in old persons — namely, fat or its compounds. 
This circumstance, although it did not prevent moderate calcification of tho blood- 
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vessels, yet was a conservator of all the tissues of the body, and especially pre- 
vented the occurrence of those changes which tend to shorten life. There was an ab- 
sence of the atheromatous changes commonly observed m old people. This explained 
the appearance of the countenance in all, and imparted a sort oi silvery expression^ 
with appai'outly great toughness of the shin, whicli the author deemed an essential 

{ leculianty in persons over ninety. All the special senses were unimpaired except 
learing The eye was clear in all, the sight excellent, all could read oidinary type 
without spectacles , there was no arc or nng round the clear part of the eye, as 
obser\ed in most old people The sense of smell was good, none smoked, used 
sniitf, nor chewed tobacco. The hearing was somewhat impaired in thiee ; in one 
of the males it was so acute that he could hear the slightest sound The mental 
faculties were active in all, tlie memory good. The general health was capital in 
all, appetite and digestion good, the latter, indeed, unconmionly strong , all pos- 
sessed the good, sound teeth they had masticated with when young From this it 
was readily understood then digestive powers were capital. Taking, then, the 
condition of mind and body picsented by the four uiidouDtcd contenaiians, it may 
bo said that in all there was an absence of those changes usually observed in per- 
sons appioaching the allotted peiiod of thrcescoio and ten. These changes have 
reference chiefly to the condition of the blood-vc'ssels and other tissues which aio 
so 'seldom found absent. Suflico it to say that complete composuie of mind 
throughout life has had much to do with the condition of body pci mitting the 
attaiuinciit of such gieat longevity, theie wnis no hei editary condition also to 
interfeie with nature’s law's under sucli ciicuiiistanccs Chniato does not seem to 
interfeie with longo\ity, for ccntonaiians are said to bo numerous in Ilu.ssia. To 
reach that age not only must the constitution be natuially a good and healthy 
one, but all the great functions ot life must bo perfoimed wnthout any impediment. 
If the special senses aie cooidinately good, they assist in keeping up the condi- 
tion favouiablo to longe\ity But there is one change antagonistic to cxtieme 
longevity, and it is the most impoitant one — namely, the piedominance of the 
atheiomatous (dement wdiicli leads to those changes, in the blood-i essels csp(‘cially, 
w'hich close life at the natuial peiiod Simplicity of itgimen and a\oulance of 
those elements of food which in their assimilation help to bring on those changes 
may ward it ofl aKogethei, although tlie authoi was not able to inalce out whether 
the four centcnaiians he spoke ot had been in any way particular on this point 
In conclusion, ho said he bcdioM'd all ceiitenaiians wine tiled of lift', how'c\er 
extiaordmary it might appear, and weie thanktul when it pleased God to remove 
them from this woild. 

A Note on the Fat Woman exhihitlvg in London. 

By Sir Duncvn Ginn, Bat t , M D. 

As a rule, he said, enormously fat women weio laio compaied with men. 
Gaioline lieenaii, now exhibiting in London, is twenty'-tw'O yeais old, and weighs 
40 stone, or 500 lbs , she is 7 feet round the body, 0 feet 0 inches acioss the 
shoulders, and 20 inclu's loimd the aim Liflering iiom most fat people, though 
the limbs aie \cry laige, they are not exclusn cly composed of fat, a huge pro- 
portion being due to muscular deielopmcnt, which is confiimed by her history 
and actual inspection The chest and abdomen arc of coiiise enormous, but not 
fiom simple obesity. Her growth and enlargement have been progressive fiom 
infancy, and wnthal she has been able to sustain gieat muscular exercise that 
w'ould ha\e fatigued ordinary persons, whicli is opposed to the view of puio 
adipose eiilaigemcnt. At nine months she weighed 70 lbs , at nine years she w'ns 
11 stone, and at fourteen years 24 atone. She is handsome and pleasing, face not 
fat nor greasy, is highly intelligent, and not in any way clrowsv. She will m all 
piobability progressively iiicreaso as she gets older, and may become the largest 
and heaxiest female who has yet been seen. 

Tfie Hereditary Transmission of Endowments and Qualities of dif event hinds. 

By George Harris, F.E.A. 
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The Comparative Longevity of Animals of different Species and of Man, and 
the prohahle Causes which mainly conduce to promote this differeme, By 
George H vrris, F.S.A. 

The Adantean Bace of Western Europe. By J. W. Jackson. 


On the Anthropology of Auguste Comte. By J. Katnes, M A.I. 

The sources of this paper are to be found in tlio chapters on Biology ” and 
^^Belichisin” of M. Comte’s ^ rhilosophie Positive’ and in the third chapter of the 
^Politique Positnc ’ The paper itself aimed to show that the differences between 
man and the lest of the animal hingdom weie not so great as they are usually 
represented , nor, m fact, weie they so numcious as their resemblances. Treating 
man as the head of the zoological series, it argued that his dominion over animals 
was from primitive times, and is now a moral dominion rather than intellectual. 
Man, he went on to say, was the first of animals — not the last of angels Zoology 
knew nothing of angels. What differences existed between man and animals were 
of degree lather tlian quality Both knew want, suffering, and sorrow , both had 
intellect and moral sense, both were educable by lo\e, both had their likes and 
dislikes, both had to struggle for existence, both were interested bv the same 
sights Wliat was new shuck both and peiqilexed both alike. Both exhibited 
faithfulness, reA'eiciice, love, pity, -and lemorse. There was not wanting evidence 
that both passed through the .“^ame intellectual and mor.il developments Seeing, 
then, that the animals had so much in common, what had led man to sepaiato himself 
from the animals, to exalt himself above them ^ — the possession of reason, while 
the animals had instinct only, some persons might say But a little reflection 
would show that man was almost as much a creature of instinct as the other animals, 
A sound biological philosophy made no difference between man and the other ani- 
mals, on the coiitiaiy, it sought to trace his genesis from infeiior oigamsms. 
Several species of annuals had undoubtedlv the spi'culative faculty, which led to 
a kind of fetichism The diffeience was that man had raised hini'self out of this 
limited daikness, which the brutes had not jet, except a few select animals in 
which a beginning to polytheism might bo obseived, obtained, no doubt, by asso- 
ciation with man. If, for instance, wo exhibited a watch to a child or a savage 
on the one hand, and to a dog and a monkey on tlie otlicr, there would be no gi’eat 
difference in their way of regaiding the new object further than their form of 
expression The author went on to complain that hitherto psychology had limited 
itself to the stiidv of man alone, and even liis nature had been regarded only from 
its intellectual side. The psychology of animals had yet to be studied, and that 
with a desire only to arrive at fruth. In concluding, the author urged that it 
was only m so far as all external nature was used by man for moral ends that it 
was rightly used, and that the intellect found its true woik in directing his affective 
nature to moral purposes and relations. 


The Lapps. By I)r. B. King. 

The Laplander offers himself for our inspection as the only European who in 
any way represents the Circumpolar tribes The exact position of the Lapps in 
classification is still an open question. Professor Agassiz classifies them with the 
Esquimaux and Samoiedes. Br. Prichard, relying upon philological evidence (a 
very unsafe guide when taken alone), maintains that the Lapps are Finns who have 
acquired Mongolian features from a long residence in Northern Europe, but ac- 
cording to Arthur de Capel Brookes, who passed a wintei amongst them, the Lap- 
lander and Finn have scarcely a single trait in common. The pneral physiog- 
nomy of the one is totally unlike that of the other , and no one who has ever seen 
the two could mistake a Finlander for a Laplander. A critical examination of 
three Laplander crania and two casts, contained in the collection of Br. Morton, 
and a comparison of these with a number of Finnic skulls, convince the author 
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that the Laplander cranium should be regarded as a subtypical form, occupying 
the transitionary place between the pyramidal type of the true hyperboreans on 
the one hand, and the globular-heacied and square-faced Mongol on the other. 
The Laplander is certainly of low statin e, but he is not a pigmy, as ho has been 
represented. The stature of the Esquimaux averages 6 feet 7 inches. In En- 
gland the average for the men is 5 feet G inches, and in Patagonia 0 leet 2 inches ; 
but we have no real measurement of the Lapps. The Ijaplander is very lean in 
flesh, and has not the fat and bulk of the Esquimaux A thick head, prominent 
forehead, hollow and bleai eyes, short flat nose and wide mouth, characterize the 
Laplander The hair is thin, shoit, and shaggy ; the beaid straggling, and 
scarcely covering tlio dun, in which respect he assimilates with the Esquimaux. 
The hair of both sexes is black and harsli, the chest bioad, and the waist slender. 
Ho IS swift of foot and very strong, so that a bow which a Norwegian can 
scarcely half bend he will draw to the full, the arrow leaclimg to the head. 
Running races, climbing inaccessible rocks and high trees is the usual exeicise. 
Though nimble and stiong, he never walks quite upright, but always stooping, a 
habit obtained by frequently sitting in his hut on tlie ground The Laplancfer was 
originally Pa^an, full of superstition, and beliecing in magic and omens, and 
worshipping tlieir chief deity .fiimala in a kind of tiunple in tliiclc remote woods 
not built with walls aud roof, but onlv a piece of giound fenced as woie the old 
Roman temples, until the planting of (Christianity m the time of Ladiilaus Magnus 
in the year 1277 — a (^Christianity diftiuing, howevc'r, fioni I’aganism only in name, 
imtil the founding of a school by Gustavus Adolphus in IGGl, to which the Lap- 
landers owe their pi ogress in the knowledge and love of the Chiistian iidigion, 
which appears fiom the many useful and eminent persons bred there fl'lie author 
described at length their mariiage ceremonies They may be called a moral race. 
Polygamy and divorce are unknown It is unlawful to marry too near in blood 
The author stated that their families are small, rarely I'xceediug three The 
authoi then described their mode of bunging up vouug childien liom then earliest 
years. Wexiomiis is of opinion that the Sv/edes gave the ‘^Lapp” their name 
from their w'earmg skins, but lapper and skin-lappcr do not pioperly signify skiiw. 
Nieuren deuces their name from their coming into 8wedeland every year with 
rags lapt about them, which is the signihcation of Lapp in Gieek. 

Accoidmg to some authors, the inhabitants do not denominate tlic countiy, but 
the country the inhabitants, as in the name Norwegian and otheis, strengthened 
by Glaus Magnus, who calls them Lappomanm, Westmaimi, and Sudermanni, in 
which woids manni signifying men, they were called Lappomanm, ^ e Men of Lappia. 
Others say that the name of the country is deiivi'd from Lappu, which m the 
Einnonick language is Furthermost, because it lies m the furthest pait of Scandi- 
navia On this point Lehrberg agrees Ibre derives it from Lop or Lapp, an 
old Swedish word for wizard or enchanter. 

The domestication of tho Reindeer aud the use of a drum, which is elaborately 
engraved with biids, animals, and celestial bodies, and is practised incessantly for 
the puiposo of foietelling events, characterize this people from most of tho circum- 
polar family. 


On Megahtliic Cirdes. By Licut.-Col. Eoebes Leslie. 

This paper is intended in refutation of the thcoi’y that all mcgalithic circles 
were primarily and exclusively sepulchral ; and, on the contrary, to show that tho 
great circular monuments were erected or occupied for religious ceremonies by 
successive generations of the early races of Britain. Although it is not improbable 
that these ceremonies were connected with tho funeral rites of the dead, whose 
barrows or cairns, sometimes surrounded by ‘‘ standing stones,” were raised around 
or withm sight of the fane by which they were attracted 

The description of the great methalithic circles of England and Aberdeenshire, 
were illustrated by dia^ams to show the peculianties of construction which dis- 
tinguish monuments designed for religious ceremomes from ‘^standing stones” 
which defined or dignified a place of sepulture. 

In proof that the same sites were occupied, and tho same megalithic masses 
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were used by successive races or generations, it was shown, from the position of 
certain hieroglyphic figures of an ancient typo on some members of the circles in 
Aberdeenshire, that they must have been ovei thrown, and reerected in their present 
form of megalithic circles. 

The arguments m favour of the religious object in the megalithic circles 
were included under the following seven heads . — 

I. They were not places of sepulture, but fanes, temples for heathen worship ; 
for no sepulchral deposits which could rationally bo connected with the ongin of 
these monuments, had been found within these circles 

II. Not being sepulchral, a relipous object may be inferred from the position of 
the principal group of monoliths being relative to a particular point of the 
compass. 

III. A peculiar typo of sculptures, which are not sepulchral, found on members of 
these ciicles. 

IV. The vast size of some of the circles and of the masses of stone of which they 
are formed. 

V. Having stone avenues, causeways, or other permanent approaches. 

Vr llomg scdected as places for worship by early Christians, and bt'ing often 
called chuielu's, both in Gaelic and in the lowland Scotch dialect, although no 
Ohiistian (dmrch ever occupied their sites 

VII. In India, done curies and other megalithic monuments were anciently, and 
now (DC commonly elected as places of worship This was emphatically asserted, 
on personal obseivation nnd the best authority, not as a doubtful argument, but as 
an undeniable fact, and that the practice exi^^ti'd not m one only, but m many 
distiicts, some of which wcio mentioned, as well as the authorities. 


Oil Ancient Ilieroghjplnc Sculptures Bij Lieut -Col. Toiiiils Luslii:. 

In this paper it is maintained that the hieroglyphics found graven on earth-fast 
rocks, boukleis, nnd ludo monoliths in Scotland, aie symbols of leligious ideas, 
the argument bi'ing confined to such figures as aie gia\en m ludo monoliths where 
no Chiistian symbol appeals. 

These liieioglypliics aio lefeired to two distinct tjpes, the niO‘'t ancient of 
which appear to have been the woiks of a lace that was snpeiseded by the Celtic, 
to whom the latei type of sculptures may confidently be assigned. 

The ancient type is found m many parts of Lugland and Ireland as well as in 
Scotland, which ould lead to the conclusion that a homogeneous people occupied 
the thico countiies. This tvpe of figures is found profusely scatteied on locks 
wheie sepultuie 's^'as impossible, and no connexion with any sepulchral icmiains has 
beim iiaced 

The second type of sculptures, although ceitamly of heathen ongm, is evidently 
of a later age Man^ of them have been disco\eied, none, however, beyond the 
limits of those distiicts of Scotland which wmie occupied by the Celtic tribe of 
Ihcts. 

In this papei the author, whilst maintaining the religious origin of the figures 
gra\en on lude monoliths, combats the theory which would assign their origin to 
a species of Picti^Ii hcialdry, and their use to have been as peisonal oinamcnts. 


The Oi ujui of the Moial Sense. By the llcv. J. M^'Cix^n, 1)J). 


Is the Stone Aye of Lyell and LuhhocL as yet at all proven ^ 

By W. D. Miciiell. 


On Bones and Flints found in the Caves at Mentone and in the adjacent 
Hallway Cutting. By M. Moggiiidoe. 

The caves of the red rocks, half a mile east of Mentone, are in lofty rocks of 
Jurassic limestone on the shore of the Mediterranean, and at an av erage height 
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of 100 feet above that sea, the rocks themselves attaining an ele\ation of 200 feet. 
They hn\ e now been repeatedly rifled by the learned or the curious , but when the 
principal cave was neaily intact, the author made a section of it from the modern 
or highest floor down to the solid rock. There were five floors formed in the earth 
by long continued trampling ; on each, and near the centre, were niaiks of fire, 
around which broken bones and flints were abundant, except upon the lowest, 
where but few bones occuiTed and no flints The bones were those of animals still 
existing. Few implements were found, but many chips of flint, some cores, and 
stones used as hammers. Pei haps this cave was used as a place for manufacturing 
flints, which must ha\o been earned fiom their nati\e bed, distant about one mile. 

There is nothing to evince the action of water, on the contrary, the numeious 
stones that occur nie all angular, deiived appaiently from the flaking olf of poitions 
of the ro( k, — a slow process, and showing that long periods had elapsed between 
each of those fi\e occupations, and thus evidencing the great antiquity of the 
present Euiopean fauna. 

Whatever that antiquity may have been, wo now come to still more ancient 
times 

Below these caA es a slope of about 180 feet descends to the edge of the sea. 
Through tin' upper part of this slope, at distances tioiii the eaves of fioiii 0 to 10 
feet, is a railway-cutting 000 feet long, 64 feet det'p, and GO feet abo-v e the sea. 
The mass remo\ed in making this cutting was composed of angular stones, not 
waterwoin. IjOoso at the suiface, it soon became a inoio or less inatuie breccia 
(specimens weio produced), for the most part so hard that it was blasted with gun- 
powder In this bieccia, and at 'vaiious depths, some of more than 00 feet, the 
author lias taken out teeth of the Bear ( U) spekewi) and of tlie 1I\ aena {Ilycina 
sjyclrra), while ^^lth and below those teeth he found flints woiked by man (spe- 
cimens of teeth and of ilints weie produced). 

Bones and teeth of othei animals also occur, for the naming of which the auilK.r 
is indebted to the kindness of ]\[r Busk, who says that tlic\ aie almost identical 
with those found in the Gibraltar ca\es 

At the eastern end of the cutting described the lailioad passes thiough a tunnel, 
emeiging close to the s('a, and near to what is known as tlie Boman biidgo Jleio 
in sinking for the foundation of a sea-wall, bones and teetli were discos eied, but 
not undei such satisfactoiy conditions os at the western side of the timmd, sinco 
the stones were loose and some of them rounded. 

Still following the lino of the railway to the east, at half a nnh' a deep cutting 
occurs through stitf clay, the result of the n ashing down ot tin* hill-side In thi'^, 
at a depth of 65 feet, the author took out the frontal bone and pait of the anth is 
of a large stag (pioduccd) They were perfect, but in such a state that ho could 
save only the paits. 

A few feet off, and on the same hoii/on, weio these teeth of Utsus spc/cafs, 
marvellously well pieseived when we considei the time that must liaie been le- 
quired for the accumulation of 05 feet of solid ground , and that not in a hollow or 
a river’s bed, but on the gently sloping side of a hill 

The author suggested that the section of the ca've e\idenccs the gioat antiquity 
of the present Euiopean fauna, while the teeth of the Ca^e Bear and Iljccna found 
with worked flints some 00 feet deep in solid breccia, add to the pi oofs hithcito 
adduced that those beasts weiej^eally contempoiai} ^\lth man. 


Note on a Cioss it (feed vpon a 11 ill at Ciiiujlctic, near IWUcs, 

ily J. WOLIE MUIIRAY. 


On Ancient Modes of JSejndture in the Oilneys. Bp Gi.okge PniRir. 

The author stated that sepulchral mounds are very numerous m the Orknei s. 
Generally they occupy elevated situations which command a view of the sea, or of 
a lake, or of both, where the latter was attainable They stand singly or in gioups, 
or are arranged in a straight line. Occasionally they appear as Win barrows. 
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They differ greatly in size, and there is also much diversity in their internal ai- 
rangements. In some of the barrows fwhicli, with rare exceptions, are of the bowl- 
shape) human skeletons have been lound in kists, either lying extended at full 
length, or on the right or left side in a flexed posture . m one case the skeleton 
was m a sitting posture. It is not uncommon to find interments both by inhuma- 
tion and cremation in the same barrow, and even in the same last. 

Graves or kists unconnected with barrows are not unfrequently met with, but 
they are only accidentally discovcied. If barrows formerly existed over any of 
them, they have long since disappeared. 

Some of the largest barrows contained only a small quantity of fiagments of 
burnt bones, or ashes lying about the centre of the barrow, either on a Hat atone, 
or imbedded m a gi easy-looking clay. In others the burnt bones and ashes lay on 
tlio natural surface of the soil beneath a small cairn of stones, over whicli clay had 
been heaped to complete the mound. A third class contained one or more kists, 
usually of flagstone set on edge, either wholly undressed, or more or less rudely 
fitted together. The kists, which average about feet in length and 1] foot in 
width and depth, are foimd to contain either burnt bones or ashes, or cmeiary urns 
of stone or fire-baked clay, m which the bones or ashes have been deposited. Few 
stone or bronze weapons are found m the barrows or lasts, and personal ornaments 
are still more rarely met with. The urns are usually very rude. 

Two human skeletons were found near Kiikwall m a stone kist underneath a 
barrow , both were in the flexed posture. One was on its light side with its head 
close to one end of the kist, and tlie other lay on its left side at the opposite end. 
The skull of the first-mentioned skeleton has been desciibed by Dr J. Barnard 
Davis as piesentmg all the charaeteiistic features of the Ancient Ihitoii, the other 
skull was of a greatly infeiior type, more square in outline and remaikably thick 
A laige kist was dl^co^e^cd in another locality in Oiknoy, also containing two 
human skeletons Iving similaily to those already desciibed, and piesentmg the 
same chaiacteristic diflercnces In each case the skeleton of lowest type appeared 
to ha\o been rudely treated and lecklessly thrust into the last, while gieat care 
had ovidcntlv been taken with the other skeleton found beside it. The whole ap- 
pearance of the skeletons and their airangenient in the kists suggested the question, 
Weio the squat skeletons with the short thick skulls those of slaves or captives 
who had been slam and placed l)eside their masteis^ and ha\e ve m them dis- 
co\oied traces of an aboiigmal race of colonists of the Oikne}s, akin to tin' Fins 
or Esquimaux, xvhose snow houses the so-called Picts’-hoiises so ( losely resemble in 
form and structuie, making duo allowance for the diffeienco between the inateiials 
employed in their cousti action 

There is anothei class of tumuli in Oiknoy known as Picts’-hoiises ” They 
resemble the Bowl-baiiows cxteinally, but when examiiiod the so-called 
-house” IS found to bo a mass of building, generally ciicular at the base, 
containing in its centre soieial small chambeis or cells surrounding a laigei cham- 
bei. 3'lacli cell is connected by a low short passngo xvith tlie cential chamber, and 
fiom the lattei a passage extends to the outside of tlie structuie, whidi is ciicum- 
sciibod by a low wall or facing, generally about 2 fei't in liciglit The vails of 
each chamber converge till at the top or roof they nio only a foot or two apait, 
and the opening is coxeied m by flagstones placed across it Occasionally himiaii 
skeletons liaie been found in such buildings, but most archmologists veie of opi- 
nion that the IhctsMiouses xveie not sepulchral The opcming of Maes-how m 
Stenness, and especially of a chambeicd mound in its neighbourhood, showed, how- 
ever that they had bei'ii used as tombs, as Mr Petiie had supposed. A subsequent 
discoveiy of a “ Pict’s-hoiise ” within the rums of a ^‘Brough,” or Koiind Towner, 
containing human skeletons along wutli bones of the Ox, Sheep, See , and twm iiido 
stone implements of peculiar form, afforded still more conclusne evidence of tho 
sepulchial chaiacter of tho Picts’-houscs,” and proved beyond a doubt that, oven if 
originally elected as dwellings, they had subsequently been used as chambeied tombs. 
It wouhlbe premature at present, Mr Petrie observed, to attempt to deteimine tho 
age of the ‘‘lActs’- houses,” but the “Bioughs,” with which they appeal to be in- 
timately connected, were undoubtedly existing merely as ruined buildings, and m 
many instances presenting externally only the appearance of huge banows, wlien 


usually 
“ Pict s 
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the Norsemen invaded the islands in the ninth century. The last class received from 
the Norsemen the name of ^^Hoi,” or gravemound (now called “Howe”), and 
the former, in which the structures were still visible, were known as “Bjorgs” 
(“ Bioiighs ”) So far as has yet been ascertained, the discovery of iron implements 
has been limited to the rums known as “ Broughs,” which appear to have been 
known to, and in some cases occupied by, the Norsemen. The mounds which bear 
the name of “ Howe,” and have, when opened, been found to conceal the remains 
of “Broughs,” have yielded only stone, bone, and a few bronze lelics. Mr Petrie 
referred to one of those niounds near Kirkwall, m which he lately found Koman 
silver coins of the Emperors Vespasian, Hadrian, and Antoninus Pius 

Details were given of various barrows and kists and of their contents, and the 
descriptions were illustrated by diagi'ams. 


On an Expedition for the Special Investigation of the Jlehrldcs and West 

Highlands^ in search of Evidences of Ancient Serpent-Worship. By 
John 8. PnENfi, F.O.S., F.E.O.S.^ Member of the British Arducologital 

Association. 

The author commenced by stating that he felt bound to give Ihe grounds for hia 
assertion, made at the last Meeting of the British As'^ociation at Liverpool, that 
he had met with evidences of sci pent-mounds and constiuctions identical with 
those of Ohio and Wisconsin 

Impressed with the idea that if ser|ient-worship had been a feature m the early 
religion of these lands some e-vidences must still lemain, In^ oignni/od a party for 
searching such localities in the Hobiides and West Highlands as had not been ex- 
amined with that object, nor had come under the attention of the theoiists for 
serpent-worship, such as Dr. fetukeley and Sii K 0. Hoare , the party was iinliiassed, 
and former tlieones stnctly avoided. It became piiiely a matter of suivey of (exist- 
ing relics that was undertaken 

The paper was very fully illustrated by diagrams, and tlie autlioi first drew at- 
tention to one repiescntmg three outlines of animal foims, two being oaithen 
mounds, taken from the elaborate 8ur\eys m Wisconsin h^ ,) A Ija]iham, hlsq , 
and the third the stone foundation of a “bo‘h ” in South Uist, in a Avoik by Cant. 
E. L. W. Thomas, RN. Though the purposes and mateiials wen' dilleicnt, the 
designs clearly demonstrated the fact that the early inliabitants of Biitain and 
America made constructions in the foims of animals. Eioni this ho proceeded to 
the earliest pottery, and by his diagrams showed the great Mmihuity between that 
of the earliest British and American, from a sepulchral inn in the Ashmolean 
Museum, Oxford, and one taken from a mound at Racine, on Jjake Michigan, by 
Dr. P. R. Hoy, with a similar specimen obtained fiom Jterigonium, and which was 
on the table. Instances also of cremative burial, and of whole skeletons in the 
sitting posture, in both countries, cleaily indicated a unity of custom Having, 
he thought, established these points, he proceeded to tiace the couiso of serpent- 
worship from the east, he related some of his own experiences of that worship in 
India, followed it through Egypt to Greece, pointing out that some of the myths 
covered its struggles with the more intellectual religion of that countiy, as the de- 
struction of the Python by A]ii;illo, the sti angling of serpents by IL'icules, and the 
relapse of Laocoon and his two sons into the grosser rites, and their consequent 
punishment. Having traced the spread of this worship and its course westward, 
he next drew special attention to the construction of earthen mounds and tumuli 
in America and Britain* he quoted from Messis. l^apham and Sqiiior’s surveys, 
that natural mounds were adapted artificially to peculiar purposes , at Lapham’s 
Peak three artificial mounds were found, of stone and earth, on the lofty summit ; 
the material had been conveyed bv great labour; the hill on which the “Great 
Serpent Mound ” of Mr. Squier is placed h»d been “ cut out, evidc'ntly to adapt it 
to tne form desired to be constructed.” In the ‘Annals of Cambiidge' a tumulus 
in the Gogmagog Hills was formed by layers of difierent soils, each totally unlike 
the soil of the neighbourhood, and brougnt by gi'eat labour from remote distances. 
The Castle Hill at Cambridge is a British tumulus raised on a preexisting natural 
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elevation. The Eildon Ilille have similar artificial adaptations j and the author 
had himself traced the dilierent soils of the tumulus in the greater Cumbrae, and 
the hollows whence they were brought. He referred to the artificial summit of 
the Dragon Hill, at Uffiugton Castle, Beiks, and suggested that the White Horse 
and the sciUptured rocks at Ilkley were British delineations After these evidences 
of adaptation, ho described the serpent, lizard, and alligator mounds of Messrs. 
Squier and Laphain, which contain oval works towards the head, and evidences of 
altars and fire within them. lie then showed by diagrams several mounds that be 
identified as corresponding with these, somi' even in minute details , horefeired to 
examples m Arran, in Monteviot Paik, in which lattei, towards the south and east 
of what ho coiisideied the site of an altar, he discovered human lemaius, and finally 
dwelt on a serpentine mound in Argjleshiro several hundred feet long, and about 
15 feet high by 80 broad, tapeiing gradually to the tail, the head being formed by 
a circular cairn, the centre of which had evidently been occupied by a megahthic 
structure, which he considered an altar, the laige stones of which were lying 
round the base of the caiin. Ho could not of couise adduce diiect evidences of the 
worship of the serpent, but it had been traced as coexistent with &un-woi.ship in 
America, where these evidences of the serpent weio tound , and discoveiing similar 
remains m Biitain, which letains many indications of sun-worship, and ns these 
two forms of worship went almost hand in hand in other countiies, he consideied 
himself ]ustifi('d in concluding that he had found examples of it heic also, drawing 
attention to the vaiiety and beauty of the specimens of eaily Biitish ait on the 
table to show the caic and extent of his explorations. 


On some indications^ of the Mannas and Customs of the eaihj Inhahitants of 
Britain, deduced from the Remains of their towns and vdlaijes. Bjj JoiiN 
S. IbiENf, F.G.iS , FR.O.S., Memher of the British Arcluvohgical Asso- 
ciation, 

The author drew attention to two prominent points, viz. the universality of 
the circle, cuive, or oval m all the eailiest Biitish lemains, and the similaiity of 
the pliysics of the vaiious localities where Bntish towns are still tiaci'able. lie 
selected the widely separated positions of (treaves Ash, in the Cheviot J hits, Stand- 
lake, near Oxfoid, aiidTolsfoid IIill, near Saltwood Castle, Kent , and after showing 
that the same featuies existed in each of these, although some of the settlements 
weie formed by excavations and some by erections , altci lefeiiing loi examples 
to the camps, foits, towns, and individual dwellings, — ornaments, as fibulro, beads, 
amulets, — aiticles of domestic use, as the quern, — and to the fup- and ring-marks 
on the incised stones of Noithumbeiland, New Giange, Ilhley, and eh^owlieie, ho 
argued that though divided into clans and tribes, yet that these weio originally 
but divisions of one people, as the idea could not be entei tamed that at the time 
of thesi' foimationSj with many of the tubes sepaiating the people ot such remote 
districts, to say nothing of theif fiequent hostility, dilleient laces sliould liavo 
assimilated so much, more especially with interrupted, or indeed no direct com- 
munications He did not, how'cver, mean that this prejudiced the question of 
cooccupation bj^a foreign and immigiating, or even preoccupying race, at that time 
being distinct and unamalgamated with the mass of the people. Assuming tlu'so 
evidences conclusive', ho proceeded to corapaie the constructions W'ltli otlieis at a 
still wider lange, selecting in Biitam the extreme points of the Hebiides, Cacinar- 
V onshire, and Cornwall, and giving examples m the Alps, in Sicily, and even m the 
wilderness near IMount Smai, of similar designs, illustrating hia arguiiK'nts by ori- 
ginal drawings made by special permission from articles in the Ashmoli'nn Museum 
at Oxford, and from those of the Palestine Exploration Fund, See Bcfeiring to 
the ph} sical features of the localities he had described in Britain, he pointed out 
the prevalence of the conical hill towards the east of such settlements, with a 
flownng stream dividing the one from the other, ns in the cases of the Bieamish 
flowing between Gi eaves Ash and the Ingram and Ileaveley Hills, the Thames 
between Standlako and the Beacon Hill, and the stream betw^een Tolsford Hill 
and Ctesar’s Camp. Where localities had not the desired features, or they were 
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not sufficiently prominenl^ art was had recourse to, as in the Castle IIill at Cam- 
bridge, Silbury Hill, &c. Ho considered these, evidences of the custom of worship 
on the tops of such mountains, from their orientation, and recalled the fact of many 
mountains still beanng names indicative of Baal- or Sun-worship ; that the flowing 
stream formed a division of sanctification or purity ; that each settlement had its 
hill of worship, and that the modern church-spires of the plains had replaced the 
aspiring flame which once ascended fiom the several tribal districts or divisions 
of our land ; and that on or near these places of previous occupancy were founded 
our oldest cities. 

From the juxtaposition of ancient British pottery, where large and small urns 
were found together, from the lateral perforations of both, distinct from perfora- 
tions for suspension (an example of which in the possession of Professor Bolleston 
at Oxford has these perforations less than two inches from the bottom of an urn of 
the larger kind), from the material found in the small urns differing from that in 
the large, and in one case being a mummified heart-shaped body, he concluded 
that the preservation of the heart m the small urn was also a custom with these 
ancient people. 

Discovery of Flint Implements in Eyypt^ at Mount Smai, at Qalyala, and in 

Joshuls Tomb, By the Annk BicnAiin. 


On Bkulls presentiny Sagittal Synostosis. By Professor SfRUXifERS. 


On Implements found in King Arthurs Cave, near Whitchurch. 
By the llcv. W. 8. Symonds, M.A., F.G.S. 


On Human and Animal Bones and FlinU fiom a Cave at Oban, Argyleshii e. 

By Professor Turner. 

All who are acquainted Avith the topography of Oban, Argyleslnre, will re- 
member that immediately behind the houses, winch extend in a long row parallel 
to the sea-beach, an almost perpendicular wall of rock uses to a considerable height. 

At the north end of the bay, near Burn Bank House, the rock rises abruptly 
from the road to the height of a little more than 40 feet Ivy, niountaiu-ash, and 
black-thoin grew out of the chinks in the upper part of the face of the precipice. 
A bank of earth sloped from the road, at an angle of about 45°, halfway up the 
face of the rock. Growing out of this bank were seA'oral beach trees, none of Avhicli 
had attained any great size , the diameter of the root of the largest was not more 
than 18 inches. 

In the summer of 1800, woikmen in the employ of Mr. John Mackay, of Oban, 
were engaged m quarryiiig the north-west face ol the rode for building purposes, 
and after penetrating about 15 feet into the substance of the lock, they opened 
into the deeper end of a cave filled with earth in which a number of bones were 
found. On tlie removal of inord^of the rock and of the bank of earth fiom its 
south-eastern aspect, the cave was more fully exposed, and the position and di- 
rection of its original entrance were ascertained. 

The rock was a dull purple micaceous sandstone, through which ran thin part- 
ings of green sandy shale, and belohgs, as my colleague Piofessor Geikie tells me, 
to an outlying area of the Old Bod Sandstone. 

The cave consisted of a chamber and an entiancc-passage. The chamber was 11 
feet high and the same in depth. The entrance-passage was 4 feet high and 9 feet 
long, and sloped from the entrance down to the floor of the chamber, which it 
joined at a decided angle The mouth of the cave was thus higher than the floor 
of the chamber. It faced to the south, and about 20 feet in tniclcness of an em- 
bankment of earth had to be removed before the entrance was exposed. The ca\ o 
was almost filled up with earth, in which were found numerous bones and flints. 



TRANSACTIONS OF THE SECTIONS. 


161 


The bones liad no definite arrangement, but lay m the earth in an irregular manner. 
Tho flooi of the ca\o was formed of solid rock, its walls were on much of their 
surface lined by a white calcareous deposit, 1 to 2 inches m thickness In the roof 
of the cave was a fissure, widened out below, but which higher up was so narrow 
as to admit little more than the blade of a knife The earth within the cave was 
moist, and it is probable that water had percolated into the cave through the fis- 
sure in the roof, and that tho calcareous lining had been deposited from it. For 
my information respecting this ca-vo I am indebted to Mr. Mackay, though several 
of tho points I have referred to I was able to confirm from a personal examination 
of the locality made m October last. The bones were transmitted to mo by 
Mr. Mackay, and were as follows . — 

The skull and greater part of the skeleton of an adult man. Unfortunately the 
skull was broken to pieces before it came into my possession, so that it is not pos- 
sible for mo to describe it. I may state, however, that tho superciliary ridges were 
well marked, the lower jaw was powerful, the palatal arch was deep. The teeth 
were partially worn but not ground flat on the surfaces of tho crowns, and they 
exhibited no decay. The tibia, femur, and humeius possessed some peculiaiilies 
in foim. A second human skeleton was situated about one yaid from the adult. 
From the characters of the skull and of the dentition, it is obviously that of a 
youth about eight or nine years of age. 

Tho animal nones were mostly those of mammals, but a few bird’s bones were 
also found They consisted of the teeth, jaws, and long bones of tho roe and red 
doer Skulls and other bones of the common dog Skulls and other bones of 
foxes. Skulls and other bones of a species of Mustola The humerus and ulna 
of an otter Bones of tho limbs of tho haio Skull of an Aivicola A largo 
number of tho long bonos of the red deer, which ha\c been split into fragments, in 
all piobability for the ready extiaction of tho marrow. No human bones were found 
split in this manner Fiagments of calcined bones Shells of limpets Fragments 
of granite and water-woin pebbles A number of flint nodules and flint chips 
and implements Some of tho nodules are partially chipped, as if in process of 
being conveited into implements The nodules aio small, and the iiuplements 
foimed from them aie necessarily small also Is it not possible that the difter- 
encos in the size of flint implements mot with in ditlorent localities may be due to 
the fact that flint nodules \ary m si/o in ditlerent places, and that the men of the 
peiiod had to make then implements of a ■'ize such as tlie mateiials at tlieir dis- 
posal pel miffed The most peifect of thobo imphmients liave sharp edges all 
round, they are compaiatively flattened, and in no instance possessed a length of 
3 inches, or a grcatei thickness than about half an inch 

As flint IS by no means a common mateiial in Scotland, I was desirous of obtain- 
ing fiom tho most competent autliority mfoimation on the nearest locality from 
which they could ha\ e been obtained My colleague. Prof Geikio, writes me A 
few ycais ago I found a bed (20 feet thick) of chalk flints underlying tho great 
ba'^alt clifis ot Oarsaig, on the south .shores of the island of Mull. This is, I believe, 
tho neaiest point to C)ban from which flint could be brought ” 

I think that the examination of the vaiious objects found in this cavern leads to 
tho conclusion that it had been used as tlio habitation of man , for we have not 
only the lemams of man himself, tho animals on which he fed, tlie dog whicli he, 
without doubt, employed to aid him in the chase, but the implements which he used, 
and the raw matciial out of which those implcnients were mauufaetuied , frirthei, 
cliarred remains, which indicate that he had employed fiio to cook his food. Tho 
gieat thickness of the embankment of earth in fiont of the mouth of the cave leads 
me to tliinli that it had been closed up by a great landslip of the loose earth from the 
summit of the cliff Perhaps the human inhabitants had been buried alive in their 
caverilous dwelling-place. 

It 13 well known that not only in Scotland, but m vaiious paits of the globe, ca\e.s 
have been used, and, indeed, in some localities are still used, as human habitations 
What the exact age of these remains may be it may be difficult to say, but tho 
association of flint implements with tho human and animal bones points to a con- 
siderable antiquity. 
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On Man and tli^Ape, By C. Stanilanb Wake, Director of the 

Anthropological Institute. 

In thi3 paper the author referred to the agreement in physical stnicturc of man 
and the ape, and to the fact that the latter possessed the power of reasoning, with 
all the faculties necessary for its due exercise. It was shown, however, that it was 
incorrect to affirm that man has no mental faculty other than what the ape possesses, 
lie has a spiritual insight or power of reflection which enabled him to distinguish 
qualities and to separate them as objects of thought from the things to which they 
belong. All language is in some sense the result ot such a process, and its exercise 
by even the most uncivilized peoples is shown in their having words denoting 
colours The possession by man of the facultv of insight or reflection is accom- 
panied by a relative physical superiority The human brain of man is much larger 
than that of the ape, and he has also a much moio reiined nervous structure, with 
a naked skin. The author observed that the size of the brain was the only physical 
fact absolutely necessary to be accounted for, and this could not be done by the 
hypothesis of natural selection. Mr Wallace’s reference, on the other hand, to a 
creative will, really undermines Mi. Dai win’s whole hypothesis. After referring to 
the theories of Mr Murphy and Haeckel, the author slated that the only way to 
explain man’s origin, consistently with his physical and mental connexion with the 
ape, IS to suppose that nature is an organic whole, and that man is the necessary 
result of its evolution While, therefore, man is derived fiom the ape as supposed 
by ]\tr. Darwin, it is under conditions very difTerent from those hia livpothesis re- 
quires. According to thi.<f, the appearance of man on the eaith must have been in 
a certain sense accidental , while, accoidmg to the author’s view, organic nature 
could only have been evolved in the direction of man, who is the necessary result 
of such evolution, and a perfect epitome of nature itself. 


On certain Points concerning the Oiigin and Relations of the Basque Race. 

By the llev. W. WEiismii. 


GEOGKAPHT. 

Address hy Colonel Heney Yule, O.B., President of the Section. 

You aie aware that the honourable position which has been assigned to me was 
originally destined for a gentleman, by labours, knowledge, and reputation through- 
out the world as a geographer, far otherwise qualified to till it His lamented 
icmoval, within a very short time of the date lived for this Meeting, compelled 
the Council of the Association to make prompt arrangements for the presidency of 
the Geographical Section. The distinguished soldier and scholar who has re- 
cently succeeded to the chair ot the Itoyal Geographical Society was unable to at- 
tend ; and the officers of the Afisociation thought propei to propose me for the duty. 
I am quite inexperienced in such office , whatever claim I have to the character of 
a geographer has been acquired in a limited field, and rather from the literary 
than the scientific side , a vanety of subjects must come before us with which I 
am quite unfamiliar , and I had for these and other reasons abundant misgivings 
as to the fitness of the choice. But I did not feel at liberty to dechne the duty, 
es^cially as it was not the first time that, unsoimht, it had been proposed to me. 

Even among an entire company of strangers, the circumstances of the case, and 
the short time which they allowed for preparation, would, I felt assured, secure 
indulgence. When I can count so many countenances of fnends around, I feel 
that it is needless to plead for it. 

The firat natural duty in circumstances like the present is to pay a tribute, how- 
ever inadequate, to the memory of the eminent geographer whom we expected to 
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fill this chair. Deeply do I regret not to be able to epQftk of him from personal 
acquaintance, or even from coriespondence. I knew him only by his works. And 
who IS there that did not ^ The long list of those works has been rehearsed in so 
many of the notices that have honoured his memory, as well as m the address of 
the Vice-President of the Geographical Society, when presenting the medal which 
he had won by so many years of faithful labour in the cause ot Geography, tliat I 
need not now repeat them. Indeed, when contemplating the catalogue of such an 
amount of work achieved, an amateur geographer like myself stands abashed — but 
feels at the same time that his own limited experience and desultory studies serve 
at least to furnish him with some just scale by which to estimate the vast labours 
involved in the accomplishment of such a life’s work as Dr. Keith Johnston’s, 
During that life’s work of five-and-forty years, there was little or no call for mo- 
difications in the assigned dimensions or outline of the inhabited continents of the 
world, such as were needed in the corresponding space of years that followed the 
first voyages of Columbus and Da Gama. But with the exception of that epoch, 
none in history has produced so much change in the atlas of the world, by the 
modification and completion of internal spaces that once stood in eiTor or in blank 
upon our maps. Think of the growth or knowledge of which wo should become 
sensible were we to compare sheet by sheet this late geographer’s first National 
Atlas with the latest editions of the maps of his Royal Atlas! Think of the 
changes that we shoifid find in the lepresentation of Central America and Inteiior 
Afiica, in the Arctic and Antarctic Circles, in Australia, m Cential and Northern 
Asia, m Indo-China — iiay, to some extent in India itself I I will conclude these 
remaiks by quoting the words used by a friend in writing to me on this subject; 
— I obtained, at various times, from Keith Johnston, intormation, which ho was 
always most ready to give , and I had an opportunity of learning something of the 
wide range of his researches and correspondence, and of his diligence in the pur- 
suit of matenals for his work. lie seemed to be imbued with the modesty and 
caution of a true student of a science which is so constantly presenting corrected 
views of old knowledge, as well as new facts and new means of investigation j 
whilst he showed the real delight he had in the labours themselves, no less than m 
the attainment of the results.” 

I shall in this Address attempt no general view of the geogTaphical desiderata 
of the time, and of recent geographical progress in discovery and literature through- 
out the world Inving habitually far trom new books and meetings of societies, I 
am not sufficient for these things , noi, if I were, could I easily vary fiom the com- 
prehensive epitome of the year’s geography which, but two months ago, was 
issued, though, as vve know with sorrow, not delivered, by him who has been so 
long the Dean of the Faculty of Geographers in Britain, and whose name is as 
thoroughly and as respectfully identified throughout the Continent with English 
geography as once was that of Palmerston with English policy And since I am 
naming !Sii Rodeiick Muichison, all, I am sure, vmII be glad to know that, though 
his power of bodily mo\emcnt is seriously iinpaiied, bis general health is fair, his 
intellect and his interest in knowledge are as bright as ev er , and as for his me- 
mory, I will only say I wish mine were half as good ! lie has desired me to take 
occasion to expiess his deep regret at his inability to be present at this I^leeting, 
It IS, he said, one of the most painfully felt disappointments that his illness has 
occasioned , for he had looked forward with strong inteiest to taking part once 
more in a meeting of the Association at the chief city of his native country — with 
which city, I may remind you, he the other day bound his name and memory by 
strong and enduring ties, in the foundation of a Chair of Geology in this Univer- 
sity 

Instead, then, of attempting a review wliich in my case would be crude, and 
therefore both dull and uninstructive, I propose to turn to one particular region of 
the Old Woild with which my own studies have sometimes been concerned, and to 
say something of its characteristics, and of the progress of knowledge, os well aa 
of present questions regarding it. _ ^ 

There are, however, one or two points on which I must fiist touch lightly. Of 
Livingstone, all that there is to tell has already been told to the world by Sir Ro- 
derick Murchison We know the task that Livingstone had laid out for himself 

11 * 
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in dispersing the darkness that still hangs over some of the greatest features of 
Central- African hydrography, by determining the ultimate course of tlie gieat 
body of drainage which he has followed northward from 12° south latitude — whe- 
ther towards the Congo and the Atlantic, or towards Baker’s I^ake and so to the 
Nile, — as well as the kindred question of the discharge of Lake Tanganyika; but 
of his progress in the solution of those questions we know nothing. I can but add 
that Sir Roderick himself has lost none of his confidence in the accomplishment 
of the task, and in the return of the great traveller at no distant period. That 
confidence of his has been so often bemre justified by the arrival of fresh news of 
Livmgstone, however meagre, that we may well retain strong hope, even if it be 
not granted to all of us to rise from hope into confidence. We trust, then, that 
Livingstone will never have a place anion^ the martyrs of geograpliy. 

One addition, however, has been made during the past year to that lon^ list, in 
tlie name of the undaunted George Hayward, formerly a lieutenant in tne 72nd 
Regiment, who had for some years resolutely devoted himself to geographical dis- 
covery. After having proved his powers in a journey to Yaikand and Kashghar, 
which obtained for him last year one of the medals of the Geographical Society, 
he had started again, with aia from that Society, to attempt an e\amination of the 
famous Plateau of Pamir, hoping to succeed in crossing it, and to descend upon 
the Russian territory at Samarkand. In the Darkot Pass, above Yassin, lie was 
foully murdered by the emissaries of the chief of that district, Mii Wall by name. 
Public suspicion m India first turned upon the Mahaiajah of Kashmir, on whose 
alleged oppressions Hayward, in a private letter, had made severe remarks, which 
were rashly published by the editor of a local newspaper The latest intelligence 
seems to exonerate the Maharajah and to throw the guilt of complicity rather on 
the Mahomedan chief of Chitral. If he be the guilty man, it may bo dithcult to 
punish him, so inaccessible is his position at present, for, to apply the old saw 
of the Campbells, ^Mt is a far ciy to Chitial.” I may observe, howeAer, that some 
sixteen or seventeen years ago a similar murder toolc place on the persons of two 
poor Prench priests at the other extremity of India, and within the Thibetan 
boundary on the Upper Brahmapootra, and the apprehension of the criminal must 
have seemed almost as hopeless as in this case. Yet eventually ho fell into the 
hands of our officers of the province of Asam, and paid the due penalty of his cnme. 

One book recently issued by the India Office I Avish to bung to notice in a 
very few woids. I mean Mr Markham’s ‘Memoir on the Indian Suiveys ’ Of 
this work, excellent in object and in execution, a pretty full account will be found 
in Sir R. Murchison’s Address , my object is merely to say how encoui aging I 
believe a work like this is likely to prove to those who are employed on such 
duties as the memoir treats of, for they will see that here are recoided with hearty 
appreciation, in a book that will be largely read and permanently iidened to, the 
labouis, always toilsome, often perilous, often fatal, of a great number ot zealous 
servants of the State, the memory of whose nieiits would in many cases, but for 
this book, have been left to decay amid the dust of the India Office. The piepaia- 
tion of such a work shows a spirit Avhich has been too often missing in our admi- 
nistrators, and is honourable, not only to the author, but to the Department which 
has promoted and authorized its publication. 

Within the last few days my attention has been drawn to some maps which ha\o 
been recently issued by the Forest Department of India, showing the geographical 
distribution of teak and other valuable woods in that country. I regiet to learn 
that the Forest-management in India is looked upon, by some of those statesmen 
who are now interesting themselves in Indian details, too much asregaids its mere 
results in revenue. But the conservation, and, if possible, the locovery, of foiests 
of valuable timber is a work which the State alone can touch, and whicli is of the 
highest importance, quite apart from immediate returns in revenue There were, 
I know, some years ago, and no doubt still are, such forest-tracts, where the 
only hope of recovery lay in their entire closure , and from these, of course, 
there could be no revenue. During many years of railway construction m India 
the waste of valuable timber, an article now comparatively rare and costly in 
that country, and for which in many of its purposes there is no substitute, Avas 
lamentable and probably irreparable ! The teak timbers that bind the walls of 



TRANSACTIONS OF THE SECTIONS. 


165 


the palace of the Sassanian kings at Ctesiphon in Babylonia — “walls and timber 
dating alike from the fifth or sixth century of our era — are still undecayed I And 
yet in VI lads of logs of this precious 'material have been used up and buned in the 
ground as railway-sleepeis ~a position m •which decay ■w’as sure to arrive in a very 
few years — when a very little thoimht and trouble would have piovided an endu- 
riiig substitute of non I behove tliat had a Forest Depaitmeiit been in eailier 
existence, much of this mi'^application of valuable matenal might have been 
avoided, or at least the misapplication would not have been at India’s cost Nor 
13 such waste of resources the only evil that forest-conservancy has to guard against. 
The unregulated denudation of extensive tracts has a marked influence on the rain- 
fall , and it IS one ol the duties of a forest-conservancy to see that the sometimes 
lunoiis demands of the inaiket for timber or fuel do not lead to such general and 
uniegulated denudation. 

The geogiapliical held on which, with your permission, I propose to expatiate 
for a little, is that of India beyond tlie Ganges , I mean in the largest sense of the 
expression, and inclusive, at least in some points of view, of the Indian Islands. 
India, indeed, in old times, was a somewhat vague term, or at least it had always a 
vague as •well as an cxactci interpretation. In the latter, it had the same applica- 
tion that vv e give it now when we speak with precision , it meant that vast 
seinipeninsular region roughly limited by the valleys of the Indus and the Ganges, 
whicii embraces many nations and many tongues and many climates, but yet all 
pel vaded by a certain almost intangible character which gi\es it a kind ot unity 
lecogni/.ed by all In its vaguer sense, India meant simply the Far East. The 
tiaee^ of such use still suivive in such expressions as the East Indies or the Indian 
Archipelago Though this vague and large application of the name probably arose 
only lioiii the vagueness of knowledge, it coincides roughly with a fact , and that is 
the extiaoidmary expansion of Hindoo influence, which can be traced in the vestiges 
of leligion, manneis, aichitectuie, language, and nomenclature over nearly all the 
legions ol the East to which the name has been applied. Another name has been 
applu'd to the continental pait of this region, Indo-Ghina. This, too, ex pi esses the 
fact that on this aiea tlie inlliience of India and of China have interpenetrated. 
But the inlluence of China has, except on the eastern coast, been entiiely political, 
and has not, like that of India, affected manners, art, and religion. 

'j'he gieat elevation that we call the llimalva, aftei passing be}Oiid the utmost 
eastern limits of the Biitish province of Asam, is continued in a vast mass of 
coinpie.ssed and nigged mountaim, ot whose lines we have no exact knowledge, 
but which we know still to reach, at points within the bounds of China Proper, a 
height of 15,000 feet. In Yunnan these drop into a great plateau, standing at an 
avciago heiglit of some 0000 feet above the sea, on which are planted the chief ( ities 
of that piovince, whilst branches of mountain-chains extend far to the south and 
east, leaching the sea or its vicinity at Cape Negrais, at Martaban, in the south- 
cfust of Cochin Cdiina, and in Fokion. 

Looking at tlie Map of Central and Southern Asia, we see what a banier the 
Ilimal^a forms to the drainage of the plateau of Tibet The Indus and the Sanpu, 
having their sources within that plateau, and at a very short distance from each 
other. How respectively vvestwaid and eastward within this bairim till they reach 
an extieme distance fiom one another, of about 20° of longitude, before they turn 
southvvxard and escape into the plains of India 

But eastwaid fiom the exit of the Sanpu, thehnountain-barner is forced, within 

of longitude, by at least six great rivers, counting in that number the Sanpu or 
Dihong These six iiveis, the Bihong, the Biboiig, the Lohit, the Lu-lxiang or 
Salvvon, the Lantsang or great f^amboja iiver, and the Kinsha or upper stream of 
the Yangtse, all deriv'c their origin (I believe the fact is beyond reasonable doubt) 
from far within the Tibetan plateau. 

Another gieat river, the Irawadi, comes certainly from the vicinity of Tibet ; 
but whether it deiivcs any considerable stream from within that region is a point 
still undecided The question excited much controversy some forty-five years 
ago, when Klapioth made a desperate attempt to prove that the waters of the 
Sanpu, instead of flowing into Asam, were really the head-waters of the Irawadi. 
The doctime was backed on Klaproth’s part by much Chinese learning, as well as 
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by violent perversions of ascertained ffeopaphy, and obtained great currency botb 
in France and Germany. It is now, I believe, abandoned by every bo^, with the 
exception (and the exception seems at first a serious one) of the French mis- 
sionary priests dwelling nearest to that great burst of rivers. But the fact is, that 
the elder of these laborious men were taught this doctrine in their youth, and sent 
out furnished with maps on which this heresy was laid down as positive know- 
ledge And instead of correcting their maps by the facts that reached them in the 
country, they seem to have felt bound to bend the facts to this condition of their 
maps. 

But whilst we can reject with confidence the idea of any connexion between 
the Saupu and the Irawadi, the uncertainty remains whether the Irawadi does 
or does not deiive its chief source from within the Tibetan plateau The positive 
evidence is much peiplexed, and though a dissertation on the subject appears in 
the last Geographical Journal, I do not find that this adds materially to our light on 
the matter Doubts are expressed in the same paper whether the rivers Salwen 
and Mekong come down from much beyond the 27th depee of latitude But here 
there is really no room for such doubt. The Mekong has been crossed as a large 
river by that adventurous traveller, Mr. Cooper, above the line of lie did 

not see the Salwen, but he was within a few miles of it in the same latitude, and 
knew it well by report And the French missionaries, who for many years had an 
establishment upon its banks above lat. 28°, speak of it as a great river. These 
facts are in entire accordance with the Maps compiled by D’Aniillo from the 
Jesuit surveys, and with the Chinese hydrographies translated in the Jesuit collec- 
tions The approximate delineation of these rivers, however, all the way from 
our Asam frontier to the banks of the Kmsha or Upper Yangtsti, is one of the 
most interesting problems remaining in this part of Asia, and is connected with 
that other most interesting practical problem, the opening of direct communication 
between China and India 

Besides the rivers of ivhich we have been speaking there are others of a high 
class, such as the livers of Siam and Tongking, which rise far within the Indo- 
Chinese region itself. Indei'd nowhere, I believe, m the world can so many great 
ri\ers be found flowing parallel to the sea within so narrow a span. And we shall 
see how these livers and the intervening mountain-ranges have affected the occu- 
pation of the country. 

And here I would digress for a moment. 

We heaid yesterday, in the General Committee of this Association, an aident 
protest against the Geographical and other Sections for appropriating papers of 
Ethnological character. I should be far from presuming to maintain, in the face of 
the impoitance, interest, and bulk that ethnology has so rapidly assumed of late 
years, that it should not have a field in the Association as independent as its 
votanes may desire But I do protest against the proposition that a Geographical 
Section should be precluded fiom entertaining papers that deal with ethnology, 
or any othei subject that the forty volumes of the ^Journal of the Geographical 
Society ’ embiacc The fields of the different sciences, even the purest, aio not, like 
the marks ” of our Saxon ancestors, patches cleared in a forest that encompasses 
each and makes a broad separation between one and another Their circles inter- 
sect, and the branch of knowledge which we call geography is deeply inteisected 
by those of othei sciences, or ratlier is made up of appropriations from other sciences 
applied to its own purposes. We object to have it partitioned, like Poland, among 
the adjoining empires The ethnology of a country is intimately bound up with its 
geogiaphy. We shall not giudge that the ethnologist, in his own Section, should 
deal with geographical considerations , neither let him grudge that any man who 
prefers to stand upon the old ways, and deal with the ethnology of any country as 
a pait of its geography, should be allowed to do so. 

The nations v^o inhabit this great region are, as you know well, entirely diverse 
in race from the genuine Hindu, and all or nearly nil belong to the Mongoloid type, 
and are supposed on fair grounds, not unsupported in some cases by tradition, to 
have descended from the high tracts of the Transhimalyan countries. Exceptions 
exist, on the one hand, in some fragmentary Negrito tnbes ; on the other hand we 
see it alleged m one of the preliminary notices that have alone yet appeared of 
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the recent French expedition up the Mekong, that certain Tribes are Caucasian lu 
feature.^ This, however, probably does not merit much stress. The same has often 
been said of the Karens of Pegu — a case in which apparently partiality misled the 
judgment ; for Sir Arthur Phayro testifies that the Karen national physiognomy 
IS essentially Indo-Chinese like their language — though in every luao-Chinese 
tribe, as he notes, and as I have often observed, occur occasional and sometimes 
remarkable exceptions to the pievailing type. 

The occupation of this region has seemed to the most diligent students of the 
characters and languages of these nations to have occurred in something like the 
following order 

Dark relics of the earliest human occupation are probably the Negrito races 
found in fragmentary settlements m the Andaman Islands, perhaps (as there is now 
strong evidence for belle’s ing) in the great Nicobar Island, in the spinal mountains of 
the Malay peninsula and in the Philippine Islands, not to speak of remoter regions. 
The singular isolation and dispersion of a race so low in civilization seems almost to 
suggest the idea that they aie the surviving Avaifs of some submerged continent. 

But supposing the other races to have descended from beyond the Ilmialya, 
we must assign to the migiation of the Malay nations the earliest date. They 
seem to have left upon the continent as their nearest kinsmen the Chains or people 
of Champa, if these were not latlior a reflex wave of colonization fiom the islands. 
To an early tide of migration southward would seem also to belong — the Mans or 
Talaings, who occupied the deltas of the Irawadi and the Salwen, the upper part 
of the Malav pmiinsula, and piobably some part of the valley of the JMenam, the 
Khmer, or Kanibojans, occupying the lowei valley and Delta of the Mekong, and 
flowing over into the Siam basin like the Mens from the other side , and the Anam, 
or people of Tongking and Cocliiu China. To these may have succeeded the great 
family of the Lau, Thai or Shuns, who hrst occupied the plateau and high valleys 
of Yunnan, the middle basin of the jMekong, and the upper part of the fSiani basin. 
In later days this race has flowed back upon the Upper Irawadi and the Brah- 
maputra, and has spread south to the coasts of Siam and the Malay peninsula. 

The Karens, and pcrliaps some others of the larger hill-tiibes allied to them on 
the borders of the Irawadi, piobably followed Then we have the Maiaina or 
Burman race, apparently descending the Iiawadi, pressing before them the Mons 
into the Delta, tlie Khyens and like tubes into the bordering mountains. One 
great branch of the Buimans, by tliemseUes reckoned the elder, passes over tlio 
mountains to the shoies of the Bay of Bengal, shores which, according to then tia- 
ditions, they find occupied by Jiilih, oi Jiakhas — that is, by ogres or cannibal 
monsters, from whom m aftei days the country got its name of llakham or Aiacan, 
the country of the ogres 

As usual, the coui.se of cnilization, like that of occupation, has mainly followed 
that of the gieat iiveis, thoie highways of the piinieval woild , and their \ alleys 
and deltas have bf'en the seat of the more civilized monai clues 

Of these nations that v\ e .shall call civ ilized, then, we have the Burmese still occu- 
pying the valley of the Iiawadi and the coast-plains and valleys of Aracan , with 
the exception of those whom we liave made the t^iueen’s subjects, they aio still all 
united under one monaicliy The Anamites occupy the eastern shoic's, and aio 
also now so united, except such as have become subjects of Franco. Between these 
two IS found the great Shan lace, whose settlements are diflused fiom the banks of 
the Brahmaputra to the klalay coasts and tlie delta of the Mekong, divided under 
an mhnity of petty piiuces and tnbutaiy to a variety of sovereign goveinments, 
parted sometimes widely fiom one another by populations of alien blood, buteverv- 
where displaying a fair amount of civilization, everywheie possessing letteis and the 
Buddhist religion, and eveiywheie spealiiug substantially the same language — cir- 
cumstances that seem to corroborate what the traditions of the race assert, botli in 
Siam and m the remote interior, that they aie the fragments of some great community 
shattered and dispersed. Some fatal want of coherence has split the race into 
a great number of unconnected piiucipalities, many of which aie incoipoiated m 
the Chinese province of Yunnan, and others tributary to Burma or to Siam The 
latter monarchy (Siam) is now apparently the only independent Shan state of any 
importance m existence. A portion of the race arc found in what is now our own 



168 


REPORT — 1871. 


province of Asani, wliich they first entered in the thirteenth century as con(][iierors. 
The Mm or Talamgs of Pegu, the Khmer of Kamboja, the Cham of Champa have 
also been famous in their days , but they are now shrunken and decayed, and seem 
likely to be absorbed by the races of greater vitality that encompass them. 

These chief races have played the histone part on the field of Indo-China, which 
countries like England, Fiance, Germany, or Spain have played on the continent 
of Europe , and each in turn has spread its conquests over wide tracts bevond its 
national frontiers Champa, Kamboja, Siam, Pegu, I’agan, and probably Yunnan 
as a Shan state, to say notning of the island monarchies, have, with immense vicis- 
situde, in turn been the seats or extensive ompiics and the subjects of great disasters. 
But besides these there is a vast mass of races of infenor importance, and generally 
termed wild or uncivilized. The fact, however, is that their civilization varies through 
every degree of tlio scale except tlie highest. IMany of them are inferior to ihe so- 
called civilized races whom they border only in the absence of a written language, 
whilst others are head hunters in almost the lowest depths of savagery. Rome 
are as elaborate in the cultivation of their rice-terraces as the Chinese themselves; 
others migrate m the forest from site to site, burning down at each leinovo 
new areas on which to carry on their lude hand-husbandry Nearly all on the 
frontiers of the States claiming civilization are the victims of kidnappers and inter- 
national slave-traders. 

Among those, so to call them, uncivilized tubes, none are more worthy of note 
and of interest than those called Karen^ of whom so gieat a number have in our 
own time become Christian under tlie teaching chiefly of American missionaiies. 
Even before this closer claim upon our interest arose, tliey vveie remarkable for the 
value of their traditions, both religious and what we may call historical 'J’lius they 
were distinguished from all other Indo-Chinese tubes by their recognition of the ex- 
istence of one eternal God They did not worship him , for, they said, He was aimiy 
with them. They believed that then nation had once possessed a holy book, but 
they had lost it According to one strange version of the legend, a dog ate it * 
Their historical legends were almost as remaikable, these i elated how their 
ancestors, on their great niigiation, had to cross the Ihvci of Kunnvu/ Sand, the 
name and description of which point appaiently to the ttirors of the Gobi They 
also relate how they found the nhans in occupation of the teiritoiy to which they 
were bound, probably the upper Menam And the Karens cursed them, saying, 

Dwell ye in the dividing of countiies,” the applicability of which what has 
already been said about the Shans will inteipiet. 

Speaking generallj', the languages of all these races, civilized or wild, are mono- 
syllabic and nasal, with di'^tinctivo tones analogous to those of tlie Clnnese, and 
belong to the same great class with the languages of Thibet and the llimalavan 
tribes The written characters employed by the civilized nations, with one excep- 
tion, are various modifications of Indian writing The Cochin Chinese seem nev er to 
have possessed a similar alphabet, and have no memory of any but the Chinese ideo- 
graphic character In the Malay Islands also exists a variety of wiitten characteis 
which it is more difficult to trace to the same Indian root, though they are probably 
derived from it If so, tliey liav e been carried into wide deviation by modifications, 
probably springing out of the vaiious implements originally employed, whether 
the knife-edge upon a bamboo, the graving tool upon stone, the style-point upon 
the palm-leaf, the steatite pencil upon blackened paper, or black pigments upon 
slips of wood or ivory. 

It is not a little remarkable that, whilst in India Proper there has come down to 
us scarcely more than one genuine ancient historical record, all the states of Tndo- 
China, even the petty ones of Interior Laos, have from early times preserved chro- 
nicles of their respective dynasties How far these go back with any claim to truth, 
I am not prepared to say'^ , but certainly from the twelfth century, or thereabouts, 
their chronology seems to be genuine and trustworthy ; for m v arious comparisons 
of such fragments of these annals as have been translated, we find a remarkable 
agreement both mutually and with the facts recorded in the annals of China, which 
contain so many notices of the border states 

We spoke some time ago of the remains of Hindu influence which can be traced 
all over these regions. How and when this influence began, we have no real know- 
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ledge. The Hindus h<ad elaborate poetry, subtle philosophies, logic, grammar, pro- 
sody, mathematics, and astronomy, but, as has alieady been said, no histoiy. Yet 
that this influence was flowing out in pulses eastward fiom an early date, and per- 
haps long befoie our era, there can be no miestion. 

Take the island of Java as an example. The people now universally profess 
Mahomedamsm, and Mecca is the quarter to which they are taught to look in 
piayer But throughout the island are still found the most abundant tiaces of in- 
tercourse with India, and of the settlement of highly civilized colonies of Hindus. 
The language, ladically quite distinct, is largely engiafted with San«kiit words , 
the names of the sacied lands of Hindu tradition aie attached to the districts of the 
island , the legendary poems of the people embody the substance of the great 
Hindu epics, the Mahablnliat and the Kamayana The soil of the island is stiewn 
with Hindu idols , the Indian system of village communities stands there with a 
completeness laioly now to be found on its native soil, the ancient Hindu institu- 
tion of the Jury of Five was found implanted among the ininienional usages of 
Java, and numerous aichitectuial remains of great magniflcence, adorned some of 
them with sculptuied galleiies to which I scarcely know a parallel, show in all 
their details the presence of Indian art and Indian worship. The art is dead , the 
worship IS dead , and no coherent histoiy relates their migration across the seas. 
But there are the remains of both, pointing unerringly to their source. 

That which is true in this respect of Java is true also in a degree and with 'varia- 
tion of Aracan, Begu, Buima, Siam, Laos, Camboja; it is true, in part, of Sumatra 
and the Malay peninsula, faintly, and piobably with only a reflex oiigin in Boineo, 
where temples of Hindu type are said to exist fai in the mteiior. Nay, traces of 
Hindu language have passed at some unceitam period, but piobably through Malays 
or .Tavancse, into the languages of the Bhilippme Islands and of remote Madagascar. 

China itself came under the potent influence of Hindu religion m the form of 
Buddhism Indian woids and the foiiiis of Indian architectuio could only exist 
in China after thoiough assimilation to the fantastic style of that peculiar people; 
but I bdieve both are to bo tiaced Sanskrit inscriptions may be seen on monu- 
ments of antiquity not far fiom Peking Thou-sands of volumes of Saiiskiit woiks 
on Buddhistic divinity woie carried to (fliina in the eaily centuries of our era, 
there earnestly studied and translated into C’liiiiese. For a space of seveial 
centuries a succession of devout Chinese pilgrims accompl^hcd, by sea oi by land, 
the longjouiney westward to India as the Holy Land of their faith, and tiavellcd 
from shiine to shiine, fiom spot to spot conscciated by the events in the life of the 
Hindu Sakya Buddha, just as contemporary pilgrims in Christendom made their 
journeys by sea and land to the Holy Sites of Palestino, oi the Convent of St. 
Cathanno on Sinai 

A distinguished Indian archaeologist, a brother officer of mine, has lately pub- 
lished a learned volume on the Ancient Geography of India And of what does it 
consist? Almost entirely of an endeavour to track the steps of one of those (flii- 
neso pilgrims of the 7th centuiv, and, by the aid of the memoirs that he left behind 
him, to locate and identify the Cities and kingdoms of India at that epoch 

In something, one might fancy, of prophetic stiain, and m dim piesentiment of 
our English Empire m India, the gieat king Alfied sent one of his Thanes, Sig- 
helm of Shireburn, with oflerings to the tomb of St Thomas the Apostle on the 
Buif-bcaten shore of Coromandel Near the same sliore stood a magniticent shrine 
of Buddhist worship, one of the sacred places visited by those pilgrims from Cathay — 
a shrine whoso gorgeous sculptures, rescued from de-^tructioii by the zeal of one 
Scotchman, Sir Walter Elliot, and rescued from oblivion by the skill and learning 
of another, Mr. Fergusson, now stand in dumb amazement in the court of the India 
office at Westminster ! 

The Chinese pilgrim from the far East, and the Saxon envoy from the far West, 
might easily have met upon those shores. What a subject for an imaginary con- 
versation suggests itself ' 

Buddhism undoubtedly, with its spirit of propagandism, was a most powerful 
agent in the development of Indian influence among the Indo-Chinese nations , but 
probably that influence had been felt at a still earlier date. Among the names of 
towns and islands on the coasts and sens of the further East, as given by Ptolemy, 
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sereral are almost certainly of Hindu origin ; one at least is interpreted the 
geographer himsell* accoidmg to its meaning in the Indian language, and the inter- 
pretation IS correct. Still it is possible that those names were given subsequently 
to the first Buddhist movements in that direction ; for it is recorded that after the 
third Buddhist synod, held at the city of Pataliputra or Palibothra, now Patna, as 
early as b c. 2il, missionaries were dispatched to propagate the doctnne m the 
Suvarna Bhumi, or Golden Land, which is almost certainly Pegu, the Ohry^e^ 
Aurea lieyio, or rather, perhaps, Aiirea Chenonesiis of the ancients. 

Probabiy a later and largei wave of migration and propagandism took place not 
long alter the Christian era , for it is remarkable that most of those nations of the 
further east that have been tinged with Indian civilization, recognize the Indian 
era of Salivahana, which is comeident with the year 78 of our reckoning. Another 
indication of movement eastwiud about this time is, perhaps, the fact that it is soon 
after this that cloves, if not other peculiar spices of the Eastern Islands, first appear 
in the markets of the Western World 

Later still, about the 5th and (3th centuries, wo recognize in the coincident 
traditions of the nations a now eflliix of influence in the same direction , but this 
time it conies not from Continental India, but fiom Ceylon, an island which, though 
thoroughly Indianized in its ridigion and manners, has yet some lemarkable affini- 
ties in the nature of its products, and peihaps also in that of its people, with those 
of the further oast This last impiilso has ne\er entirely woin out, and as the 
Western world m general has loolied to Horae, or the Russian woild to Constan- 
tinople, rather than to Jerusalem as the inmiediate seat of eoidosiastical sanctity, 
80 tnose Indo-Chmese nations look still, m a degree, to Ceylon as the Mother of 
their Faith. 

I have said that, in the countries of which we speak, Indian influenco can be 
largely traced, not only in religion, but in manners, architecture, language, and 
nomenclature , and indeed the foreign leligion ]ie<*essarily ailects all these. 
Throughout these regions we find, m such nintteis a‘< the etiquettes of the Blood- 
Royal, the forms of loyal palaces and coiut ceiemonial, an evtraoidmary identity, 
ana all pointing to ancient Hindu usages, the titles of the mouaichs and digni- 
taries almost universally embrace high-sounding terms of Sanski it, oi lather of IMli, 
beanng to Sanskrit much the same lelation that Italian beais to Latin, that being 
the dialect m which the Buddhist sacred books were read in Ceylon, and which 
is still studied as the sacred tongue in Burinaj Siam, and Camboja In Java, by a 
strange enough chain of circumstances, we find the veiy titlo of An/a, Noble or 
Excellent, which has been adopted as the distinctive note of our Indo-gerinamo 
races, assumed by every one claiming nobility among a people of kindred and cha- 
racter so diverse from our own 

As regards the nomenclature of those countries, we find Hindu names extending 
at least as far east as Southern Cochin China, a country long known as Champa 
or Mahd-cha^npa, a title now confined to a small cornei to whicli the one piedo- 
ininant race in later times was limited Tins Champa was a name borrowed fioiii a 
famous Indian state upon the Ganges, occupying the modern distiict of Bhagalpiir. 
The kingdom of Camnoja had its name from a region beyond the Indus ; another 
region in the same quaiter, Gandhdra, the country round Peshawar, lent its name 
to Yunnan, now a Chinese province, but still so styled in Buimese state-papers; 
Ayodhya, the ancient city of liaraa, fiom which is coiriipted our modem Oudh, 
gave its name to great cities both in Siam and in Java , the holy city of Matht a 
on the Jumna has bestowed its name both on an island dependency of Java and 
on a town of Upper Burma, haivadt, the great nver of Burma, is but another 
Ai) avail, the nver-name which the companions of Alexander in the Panjdb wrote 
as Hydraotes ; Amarapui a, the recent capital of Burma, has a name purely Indian ; 
Swyhapura, or Singapore, founded by a Javan colony m the middle ages, and 
refounded in our own century by the ardent spirit of Stamford Rallies, is the same. 
And so ad infinitum. 

But it 18 in the great architectural remains scattered widely over this region that 
we find the most striking monuments of Indian influence. The original races are 
none of them addicted to architecture in solid materials, and have long ceased, oa 
a general rule, to use either stone or brick in their own construcfipus, unless it be 
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for the ramparts of their cities, for the elevated platforms of their timber palaces, 
or for the solid domes which form the symbols to which Buddhist worship is 
directed. Yet in all, or nearly all, these countries we find remains of an elaborate 
and grandiose architecture devoted to religious purposes Such are the ancient 
Javan temples, generally built of hewn stone, and including the extraordinary 
pyramid of sculptured terraces called Boro Bodor. Temples analogous to those 
of Java have been found in Sumatra, and in connexion with one of them a San- 
skrit inscription as old as the seventh century , in Burma we find them of fine 
brickwork, m the remains of the great medieval city of Pagan, on the Ira wadi 
river, whose rums cover many square miles, and still exhibit several grand 
structures rising to a height of nearly 200 feet , others, also of brick, exist m the 
dense jungles which cover the remains of Yuthia in Siam And but lately we 
have become acquainted with the vast remains of Cambojan architecture — im- 
mense temples and corridors of hewn stone, with furlongs of sculptured bas-reliefs. 
In Champa remains of similar character are alleged to exist , but we have no 
account of them Each of these difieront series of remains has its own pecuhar 
characters ; but often there are close resemblances of general design, and m the or- 
namental detail throughout the whole of the senes there is much of this resein-* 
blance ; and that is oi Indian character. Yet it must be said that, of the build- 
ings as wholes, we find no type anywhere in India Ilecently I have been much 
struck by photogiaphs of ancient lomains in Ceylon, in the possession of Mr Eer- 
gusson, which aftord strong corroboration of a suspicion long ago expressed by 
myself, that the nearest archetype and common paiont of these structures may 
have been in that island. 

Time compels me to omit much that I had noted regarding the progress of our 
knowledge of these countries, and to hasten down to our own times 

After the mission of Colonel Symes and i)r Francis Buchanan to Ava in 1795, 
no material advance was made in our Itnowledge of these regions till the time of 
the first Burmese war, in 1824-20 Foi several years from that time tlie Briti'^h 
Government in India exhibited a zeal for the extension of geogiapliical knowledge 
such as rarely possesses any Government A little army of surveyois and explorers 
weie thrown upon the frontier of Asam , and the remote teiritories lying between 
Asam and Bengal on the one side, and Northern Burma on the other, were partially 
explored Some of our officers traversed Noi them Buima from Ava to the frontiers 
of Asdm and Silhet, others, starting from Maulmain, visited most of the Western 
Shan States from the neighbourhood of Ava to the Siamese capital. And in 1887 
Lieutenant (now General) William Macleod, of the Madras Aimy, accomplished 
the most important journey that had been made, by penetrating across moie than 
half the breadth of the peninsula to the remote state of Kiang-IIung on the great 
Camboja river, and close to the frontier of China. 

After this tin; abnormal fire of exploration, which the forced collision with Ava 
had developed in the Government, seemed utterly to die out 

The credit of kindling it again to some extent has been undoubtedly due to the 
agitation which ceitam gentlemen have carried on with amazing persistence for 
many years, in order to promote the opening of an overland trade with China fiom 
Rangoon 

hoi many centuries a considerable land-trade has been maintained between 
Western China and the valley of the Ira wadi As long ago as 1459, we find on tho 
great Venetian Map of Fia Mauro a rubric attached to a certain point of the upper 
waters of the river of Ava — Here goods are tiansferred fioin river to river, and 
so pass on into Cathay ” And as early as the fir.st half of the seventeenth contuiy, 
there is some evidence that the East-India Company had a factory or agent at 
Bhamo Of this trade the staple export from China used to be the sillt of S'^echuan, 
and that fiom Burma cotton, but many minor ai tides contributed to its aggiegate. 
The object of the agitation to which I have alluded has been to stimulate the 
Indian Government to take measures for drawing a similar trade m the pioduce of 
Western China to our ports on the Bay of Bengal, and, as neces^sary for that object, 
to promote the construction of a railroad from Rangoon to the Chinese frontier 
beyond the Mekong. Meantime the trade by the old route from Talifii in Yunnan 
to Bhamo had ceased } and to explain this, a slight digression is needfu], 
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It is a remarkable circumstance that in our own older Indian teriitory there is 
no province where Mahoraedanism is so extensively professed anion}^ the peasantry 
as tne remote and secluded distiict of Silhet, in the east of Ben<^al. And China 
affords a curious parallel ; for there is no one of the eighteen piovinccs of China 
Proper in which Mahoniedanisni is so prevalent as in the secluded inland province 
of Yunnan. And this has been the cose from a very early period. Already, m the 
13th century, a celebrated Persian historian of the Mongols states, though no 
doubt with gieat hyperbole, that in Yunnan all the people weie Malioinedans. 
Since about 1856 this Mussulman population has been in a state of revolt against 
the Imperial Government ; and, after wars which have devastated the gieater part 
of the province and winch indeed still continue to do so, a part of the Mahomeuans 
have succeeded in establishing their independence in Western Yunnan, under a 
sultan of their own election, who bears the name of Suleiman, and reigns at Talifu. 
The anarchy of civil war and the interruption of communication between the Im- 
perial and the Mahoraedan parts of the proi nice, as may easily bo iniagmed, hav o 
brought the trade practically to a standstill. 

Several expeditions of exploration and suivey to the eastward and north-eastward 
of our province of Pegu lesulted fioiii the stimulus of agitation , but the most im- 
portant of these undertakings was that despatched under Major Sladen, political 
agent at the Couit of the IGng of Burma, to visit the Mahomedan authoiities in 
Western Yunnan, and to endeavour to bring about a reopening of the tiade. 
Notwithstanding every promise of support on the pait of the King of Burma, and 
of ostensible orders issued m that sense, the expedition was grievously liaiassed and 
retarded by most vexatious proc(‘edmgs on the part of the Burmese piovincial 
officers — a course ascribed by Major Sladen to bad faith and ill-vvill on the pait of 
the Court itself, but by Sir Arthur Phayie rather to the jealousy of the Chinese 
merchants, who feaied that the trade might revive only to pass out ol their 
hands 

Major Sladen did eventually make his way to Momion, the first city of China 
met with on passing that frontier , and to him belongs the tiedit of being the hrst 
European to pass that frontier from the side of the Iiawadi. Tie was most coulially 
leceived by the Mahomedan Gov'einor , and his visit ascertained that there wnis per- 
fect good will on the part of the Mahomedan authorities towaids the reestablish- 
ment of trade. But tne causes which bad brought it to a stop still existed, and 
the goodwill of the rulers could do nothing mateiial to restoie tiade until older 
and peaceful communication with the interior of China should be leestablished. 

A year and a half before the commencement of Maj or Sladen’s j ourney, anothei one 
of a very remarkable character had been undertaken under the orders of the Fiench 
Imperial Government. This was an expedition for the exploration of the Mekong, or 
Great Camboj'a Biver, starting fiom the recently acquired French teriitory in the 
delta of that river. Befoie I was called so unexpectedly to occupy this chair, I had 
commenced the compilation, from the imperfect materials accessible, of an account of 
this expedition, which I look on as the most inrportant geographiealenteiprise that 
has been accomplished in Asia, at least since Jlurnes’s journey to Bokhara. The 
work of preparation for the duties of the Section prevented me from makin<^ any 
progress with the paper, though I hope on one day of our sitting to giv c a sketch 
of tne journey. I will only say now that the mission paity, consisting mainly of 
naval officers, ascended the river, first by boat and afterwards by land, to Kiang- 
Hung, the point reached thirty years before by Macleod Here they were compelled 
to abandon the line of the Mekong , but starting to the north-e,ist they entered the 
Chinese frontier at Ssemao (the Esmok of Macleod), and travelled across Southern 
Yunnan to the capital city of the province, almost ev ery where tolerably well rcceiv ed 
by the Chinese authorities A detachment of the party under Lieutenant Gamier 
succeeded m reaching Talifii, but they had to leave it immediately, at the peril of 
their lives , and on their return to Tong-chuan, where they had left then chief. 
Captain De la Grde, seriously ill, they found that his death bad occurred a few days 
before. Taking his remains with them, they proceeded to the Great Kiang at 
Siuchau, and thence descended to Shanghai, in reaching which they completed a 
journey of several thousand miles, which had occupied two years. 

About the same time Mr. Cooper made his two gallant attempts — first, to reach 
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India from Ssechuan, and again, ■with singular perseverance, to reach China from 
Asani. 

The French expedition ascertained that there is no hope of using the Mekong 
as a commercial route from Yunnan. Though large spaces of its course aftbru 
good navigation, this is not only interrupted at no great distance from the head 
of the delta by actual cataracts, but at intervals by long tracts of rapids, and above 
the frontier of the Jkirniese Tributary States the river becomes so rapid as to be 
continuously quite unfit for navigation. Much the same has been asceitained of 
the Salwen Neither of these rivers, therefore, can be turned to account for com- 
munication with Western China. The Ira wadi remains , and the experience of 
Major Sladen's ascent to Bhamo, during the month of January, in a steamer navi- 
gated entirely by Burmese officers and crew, appears to show that this river is 
fairly navigable to that station by steamers drawing not more than 4 feet of 
water. 

Many startling and inconsiderate statements appear in the memorials and other 
documents whicn have been addressed to Government on the subject of the new 
routes for trade with China — as, for example, when the agitators of the question 
talk of thereby opening up a new trade for our country with 200 millions oi people, 
occupying extensive and rich portions of the earth — as if, forsooth, the trade and 
products of a -vast and \aried portion of the earth’s surface, nierelj'^ because that 
poition happens to bo described by one name as China, were like the water in a 
lake, which may all possibly be drained dry if but tapped at a single point in one 
of its narrow creeks. The moderation and cautious good sense of one of the 
memoiials, however, forms so striking and refieshing a contrast to such statements 
as I have referred to, that I will quote it almost in full , it is not long — Your 
memorialists have long cutei tamed the opinion that it would be of the utmost im- 
poitance to the commerce of this country if a route were opened between Rangoon 
and the interior of Western China The information which your memo- 

rialists possess on the district through which the various routes hitherto proposed 
pass, does not justify them in expressing any decided opinion either with regard 
to any one of these proposed routes, oi as to the practicability of opening any 
route But the memoiialists would respectlully urge upon Her Alajesty’s Govern- 
mi'iit the propiiety of completing the survey which has already been commenced, 
with the view of aiithoiitatively establishing whether it is practicable to opim up 
such a line of communication ’’ And I am happy to observe that this dignified 
and reasonable memorial comes from the commercial metropolis ot Scotland , it is 
the memoiial of the Glasgow Chamber of Commerce and Manufactmes 

The piobability of a gieat attraction of, China trade to the poits of Pegu, 
even if there aviu’c a good highway opened out to the Chinese frontier, depends 
not on rlu'torical statements about the vast population and products of the Ce- 
lestial Empire, but (and hero I will borrow a felicitous expression which I 
remember to have been applied in India by that admiiable public servant the 
present Go\einor of Jamaica, Sir John Peter Grant) on the question where the 
h mle-bhed of that pioduee shall be found to exist — a question on whicli I have 
never seen any gieat light thiown As regards the important part of the export 
tiade at least, ^^e have to look not to Yunnan and Kwei-Chau, which aio in the 
main mountainous regions, and comparatnely uiiproductne, but to Hsechuan I 
obsei^e that Mr Coopei, a sensible and on this point quite unpiejudiced observer, 
does consider that a laige part of the produce of tSsechuan would seek an outlet by 
the Iiawadi if the land route were again open Looking to the length of land 
journey from the fertile poitions of Ssechuan to Bhamo, this opinion certainly 
surprises me But the fact is that we know extiemely little of the extraoidmary 
skill of the Chinese m utili7ing rivers which we should in this country regard as 
mere trout-streams, for mteinal navigation, or of the extent to which such means 
apply in reducing the length and cost of the route in question. My own impres- 
sion IS that the Yangtsi?, in spite of all the difiiculties of its upper reaches, as being 
free from the complications of a double frontier, and the anarchy of tribes imper- 
fectly controlled, will carry to the sea for many years to come the produce of Sse- 
chuan and Central Yunnan, rather than any outlet by Burma or the Shan States. 
I do not myself see how the long land-route by Kiang-llung could become attrac- 
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tive without a railroad; and the construction of a railroad in such a direction 
certainly seems to me Yisionary. Coming to practical questions, who is to pay 
for such a scheme ? The Government of these islands ? The question needs no 
answer. The gentlemen who are so ready to memorialize Government on the 
subject ? If they will, it is well , but I doubt it. If in our own old Indian territory, 
after railways have been making for twenty years, it has been found impossible to 
get a single line of railway undei taken except with a guarantee (that is to say, prac- 
tically, as the guarantees are, at the cost of the Government), is it likely that men 
who withhold their money there, will risk it in driving a railway through a 
scantily peopled and almost unknown region to tap a remote corner of China ? 
Is it, then, the Indian Government that is to be at this expense ? I remember how 
a somewhat similar system of agitation induced a foimer Secretary of State, in op- 
position to the \io\\a of the Indian Government, to sanction the guarantee of a 
short but costly i ail way on like speculative giounds — I mean from Calcutta to 
an uninhabited swamp upon a creek of the Delta, which it was expected would 
prove a great haibour of commerce , but that line is now almost a pure dead weight 
upon the Indian revenue The Indian Goveinment is already sulhciently bur- 
dened with railway guarantees, to say nothing of the immense amount of work 
already laid out, and still to be done, in completing its domestic lailway system. 
When mutteiings of discontent on account ot increased or changing taxation are 
beginning to be lieaid so audibly in India, a wise Goveinment will hold back for a 
time from measures of almost suie benefit, rather than disregard a warning so omi- 
nous And it would be mad, under such circumstances, to engage its rev enues m 
costly and speculative schemes for the extension of Diitish commerce so proble- 
matical as this. 

What I think we may reasonably hope for is ---first, to see Western China tran- 
quillized, and the old channel of trade restored and stimulated by the access of 
Jintish steamers to Bhanio , secondly, from gi’adual but inevitable political change 
in our own relations to the Buimese Goveinment, I should expect to see our 
own inlluence brought into more direct opeiation at Bhamo, so that we shall be 
able to act either in the suppression of inarauding, or m opening out by engineer- 
ing the short road to the Chinese frontier cities, unhampered by such paltry ob- 
stacles as the intngues of Burmese undeilings, or the jealousies of Chinese traders. 
And I venture to think that our Government, as a general rule, need neither 
grudge the small cost of surveys and explorations beyond our frontier, nor 'he- 
sitate to apply some degree of pressure on native governments to sanction 
such measures, without which these governments are apt to think us not in 
earnest in our proposals. If my memory does not deceive me, our Munster at 
Beking, in 1800, declined even to apply to the Chinese Itegency for passports for 
an expedition which Lord Canning had sanctioned for exploration in Thibet, and 
in consequence a promising geographical entei prise was abandoned The Fiench 
Minister, in 1800, was less punctilious in pressing a similar demand The expe- 
dition of the Mekong was in consequence furnished with imperial passports , and 
these passpoits, even in such a time of civil war and confusion, backed by tact and 
energy, seemed them everywhere in China a decent, and sometimes a cordial 
reception, ns well as free passage through those hitherto untraversed piovmces. 


(hi the PnncrpaViiy of Karategm. 


By Major-General Abramop. 


On Minicoy Island. By Major Basevi. 

The author, who was connected with the Great Trigonometrical Survey of India, 
visited the island (which is situated west of Cape Comorin) with the object of 
comparing the intensity of gravity on an island station with that at inland stations 
in the same latitude The result of Major Basevi’s obseivalions "vas the conclu- 
sion that the force of gravity is greater on the coast than inland, and at an ocean 
station like Minicoy greater than on the coast. The island is of coral fonnation, 
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covered with cocoa-palms, and contains more than 2000 inhabitants, who are of 
the same race as the Maldives, and of the Mohammedan religion. 


On the Ruined Cities of Central America. By Captain L. Brine, R.N, 

The author stated that it was not until the year 1750 (more than 200 years 
after the Spanish conquest) that the existence of ruined cities and temples lying 
hidden in the jungles and forests of Central America was revealed to the know- 
ledge of the Spanish Covernment A small party of Spaniards, travelling iii the 
State of Chiapas, happened to diveige from the usual track leading from the 
southern limit of the Culf of Mexico to the Mexican Cordilleras, and accidentally 
discovered m the dense forest remains of stone buildings — palaces and temples — 
with other evidences of a past and toi gotten civilization of a very liigh order. 
These ruins were those of Palenque Some yt'ars subsequently to this discovery, 
the King of Spam ordered an official survey to be made, and this suivey was made 
in 1787 under the diiection of Captain del Rio. Later official surveys were also 
made in 1800 and 1807 , but these, with the usual secrecy of tin* Spamsli cou-» 
querors, were not generally made public, and thus it happened that only as recently 
as the jear 1822, at the revolution of Mexico, did the exi'^tence of these ruins first 
become known m Em ope. Since then other hidden cities or temples had been 
discovered — Oopan, iii the State of Honduras , Ocosingo, on the frontiois of Gua- 
temala; and so\eial m Yucatan, of wdiich Uxmal and Cliiclien-ltza are the most 
famous It was Very remarkable that all these rums, evidently the work of one 

f iaitnular and highly civilized race of Indians, should only be found m a very 
milted area None exist in South Ameiica, and none m that part of the conti- 
nent commonly distinguislied as North America , they all lie within the Tropics, 
between the 14th and 22nd parallels of north latitude, and were chiefly adjacent 
to the Mexican and Honduras Gulfs, or in the plains on the west of the Cordil- 
leras of Central America. On the eastern or Pacific slopes and plateaux, within 
the same parallels, are also remains of ancient fortifications and sacrificial altars, 
but these are of a less elaborate type, and are allied to the Aztecan stiuctures of 
Mexico. The author gave an account of a journey made by him across the con- 
tinent in the spring of last year, from the Pacific, through Guatemala, to the 
Atlantic; he examined in detail the mixed populations and conditions of the 
countries between the Cordilleras and the Pacific, the central plateaux, with their 
aboriginal Indian races and rums, the region (almost entirely unknown) inhabited 
by those unbaptized Indians called tlio Candones, near which he the rums of 
Ocosingo and Palenque, ho concluded the journey by traveising Yucatan, visiting 
the stiange rums with winch the country abounds, and emerging on the northern 
coast of the Peninsula at Sisal. 


The Interior of Greenland. Ry Dr Robert Brown. 

After rc\iewmg the old ideas of the nature of the interior, l)i Brown spoke at 
length of the views which his own studies and those of others had led him to. 
Various moie or less successful attempts had been made to penetrate into the 
interior, viz by Dalager, Kielssen, Rink, Hayes, Rae, Nordenskiold and Berg- 
gren, various Danish officers and Eskimo on hunting trips, &c , and one m which, 
with Ills companions MM. E. Whymper, A P Tcgner, C.E Olsen, J Fleischer, and 
an Eskimo, ho had shared in The result of all these expeditions showed that the 
inteiior is one huge mei de glace, of which the outlets and overflow are the com- 
paratively small glaciers on the coast, though m reality, compared with the glacier- 
system of the Alps, they are of gigantic size The outskiiting land is to all 
intents and purposes merely a circlet of islands of greater or less extent. There 
are in all probability no mountains m the interior, only a high plateau from which 
the unbroken ice is shed on either side to the east and west, the greatest slope 
being towards the west This “ inland ice” was increasing, as necessarily it must, 
and would most likely eventually oyeilie the country as it once had in former 
periods of the earth’s history, lie considered that Greenland might be crossed 
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from side to side witli dog or other sledges, provided the party started under 
experienced guidance, and sufficiently early m the year before the snow was 
melted off the ice. Whether they could return without assistance on the other 
side was, however, a matter of doubt. No i^ords now stretched across within the 
explored limits of West Greenland. If they did, it was north of Smith’s Sound, 
where perhaps Greenland ended in an archipelago of broken islands. Little doubt 
existed but that in former times one or more fjords stretched across the country, but 
these are now permanently closed by the spread of the inland ice.” 


Cagayan Sulu Island. By Captain Chimmo, B.N. 


On the Second German Arctic Expedition. 

By Dr. Copeland, Astronomer to the Expedition. 

It stated that the two expeditions sent by the German nation in the year 1808 
and 1869 to endeavour to add to the geographical and general scientitic know- 
ledge of the Arctic regions were equipped entirely by piivate contributions, and 
the honour of starting and foi warding the whole scheme belonged to the eminent 
geographer Dr. Peteiniann, of Gotha. The object and aim of the second expedi- 
tion was the scientific examination and discovery of the Arctic central region 
contained within the 75th parallel of north latitude, taking the coast of JCast 
Greenland as a basis. The aim involved two problems — (1) The solution of the 
so-called polar question , (2) the discovery, survey, and examination of Tilast 
Greenland, and those countries, islands, and seas connected wnth it, and extending 
in a northerly direction towaids liehring’s Straits, a measurement of a meridional 
arc in East Greenland, excursions on the glaciers of the interior of continental 
Greenland, &c. The two lessels engaged in the expedition weic the ^ Germania,’ 
145 tons, Captain Ivoldeway, and seventeen men, and the ‘ llansa,’ 100 tons largei. 
Captain llegemann, with a crew of twelve The expedition sailed from Dremei- 
hav en on the 15th of June, 1809, and after a tedious i ojage of five weeks up to the 
paiallel of 75^^, the vessels were separated in a dense fog The ‘Geimania’ 
leached Sabine Island on the 5th of August, and four davs were spent in siiivey- 
ing the neighbouring country, observing an eclipse of the sun on the 7th, deter- 
mining the magnetic constants, &c. On the 10th they proct'oded noithwards, but 
their progress came to a dead stop on the 13th, in latitude 75° 3T, or 23' further 
noith than had been leached by Clavering and Sabine forty-six yeais before At 
this point the land-ice lay quite fast, and extended fully ten* miles in a N E. 
direction from the nearest land, since called Cape Borgen , while against its outei 
edge the enormous fields of pack-ice were so heavily pressed as to render all pro- 
gress impossible Towards the N and N E no water was visible; this was just 
as Captain Clavering and Sir Edward Sabine found matters twentj -tliieo miles 
further to the south, and wntliin a day of forty-six years before, and it was also 
their lot to encounter the same obstacles in latitude 75'^ 29' in the following sum- 
mer. Captain Koldeway determined on retuniiiig to the Pendulum Islands, and 
there to await m safety a change in the state of the ice The remainder of the 
month of August and the beginning of September was spent in obtaining geolo- 
gical, botanical, and ethnological specimens, and m making various observations 
A sledge excursion, undei Koldeway and Payer, into a fiord to the N N.W. of the 
Pendulum group, from the 13th to the 22nd of September, resulted in a confirmation 
of a previous supposition of the existence of a large island on that part of the 
coast, and showed now much might be attempted in the exploration of the luteiior 
of Greenland at this season of the year A second sledge excursion at the end of 
October and beginning of November was made by Payer and himself round the 
north of Clavenng Island, thereby proving its insularity, which had been suspected 
by Clavenng in 1823. On the 5tn of November the sun disappeared for the winter, 
but still they accomplished about 180 nautical miles in nine days, including the 
penetration into a new fiord, whose termination they succeeded in reaching From 
the 12th of October to the beginning of May, while fiozen in, observations were 
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made as to the temperature and pressure of tlie atmosphere, the direction and 
velocity of tlie wind, the amount ot cloud, and the heiglit of the tide fiom hour to 
hour. ^ In making these and other observations the scientific members of the 
expedition were zealously assisted by the two mates, Messis. Sengstacke and 
Tramnitz, and the talented seaman Peter Ellinger, whose subsequent death at the 
early age of 24 has robbed nautical science of one of its most promising supporters. 
Januai’y 1870 was the coldest month, with a mean of li^O Fahr oelow zero,* 
and towards the end of February the thermometer reached its lowest, —40° 5 , but 
samples of pure mercury did not show any sign of freezing. The mean of the 
whole year was remarkably low, being only Fahrenheit. Magnetical and 

astronomical observations were made from time to time The magnetical con- 
stants of their winter quarters in lat. 74° 32' 10" N., and 18° 49' W. long were — 
declination, 45° 8' 8" ; inclination, 79° 48' , and horizontal force 0 950 Gauss’s 
scale*. The noithern lights were not in general particularly brilliant, but wcie 
extremely frequent, and tlie convergence ot the sti earners was found to coincide 
with the diiection of the fieely suspended magnetic needle. The spectioscopic 
examination of the auroial liglit fixed the place of the green line at 1245 of Kirch- 
hoff’s scale The mam direction which the labours of the expedition took duiing 
the spring was the piosecution of a sledge journey to the north under the leadei- 
ship of the Captain, who was accompanied by Payei and six seamen. An advance 
was made of 150 miles m a straignt lino fiom his winter quartcis, and added at 
least one whole di'grec to our maps of the coast of East Gieenlaiid. A week after- 
wards Payer conducted another party towards the fiords to the north-west of the 
Pendulum Islands, and they succeeded m bunging back a magnificent collection of 
fossils and minerals At the same time Dr Bergen and himself were engaged in 
the measuiemcnt of an arc of the meridian, commenced m the beginning of ISlarch, 
by measuring a base of lather more than 709 metres in length on 8abme Island. On 
the 14th of May, Dr Copeland and his companions staited on their geodetical tour 
towards the north, mtenumg to select and signalize their stations ns they advanced 
northwards All the angles at sixteen out of sei enteen selected stations were 
measured, and the latitude of the north end, as deduced fiom eighty-two ciiciim- 
mcridian altitudes of the sun, vas 75° 11' 30" 12, with a probable eiior of 0" 78 ; 
that of the south end, 74° 32' 15" 80, piobable eiroi 0' 58 'fhe highest station 
was 1008 4 rnetics abo\e the kncl of the sea They took advantage of the oppoi- 
tumty thus atloided for comparing altitudes deteimined \Mth the baiometers with 
those deduced fioni purely trigonometiical opeiations 'flic wdiole of the barome- 
tiical heights were slightly m excess of the tiigonometncal ones Their geodi'tical 
laboui’s weie veiy much lestricted and embaiiassed by the setting m (jf the thaw 
as early as the 3id of .rune. The ship was fieed fiom her winter pii^on on tli(‘ 
11th or July, but they did not sail till the 22ud So fur as examined, the botanical 
and zoological collections had yielded no absolutely now \aiieties, but had taught 
much about the distnbution of plants and animals. Peihaps the most important 
disco\eiy in that depaitment wxxs that of the mir^k o\, wdiich animal was found 
plentifully up to the 77tli parallel. With regard to natives, although the w'hole 
coast from the 7()th parallel to the innermost iccesscs of Emperor Fiancis-.roseph’s 
Fiord, in lat 73 deg , abounded in vestiges of the aboiigmal inhabitants, and although 
Clavering fell in with a paity of twelve on the south side of tlie island which was 
now know n by his name, this expedition nev er ev en met with recent traces of 
their presence. However, they succeeded m finding eleven skulls, and many 
interesting weapons and utensils Being again stopped by the ice in 75° 29', it 
was decided m full conclave to tiy theii fortunes in some ot the fiords supposed to 
OMSt tow^ards the south. They accoidiimly pioceeded southwaids along tJie coast 
until they lounded Hudson’s Hold-with-llope, and pioceeded to exploie the inte- 
rior of the supposed Mackenzie Inlet A single day, however, served to show 

* Note added August 14, 1871. — A letter received from Capt Koldeway, just after the 
reading of tins paper, enables me to give tho following partieulars which have been de- 
duced from tho tidal observations At Sabmo Island the mean range of the tide was 
313 ft, range” of spring-tides 4 21 ft, that of neap-tides being only 1 8G ft. ^ The tidal 
wave advanced’ from the south towards tho noith at the late of about 50 to 00 miles an 
hour 
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that no such inlet existed, and thus that what had been called Bennet Island, was 
only a hilly promontor}'. Payer and himself afterwards resolved to ascend Cape 
Franklin, ana from its summit saw about sixteen new islands, and upwards of 170 
icebergs of from 100 to 200 feet in height Towards the S.W., at a distance of 
GO nautical miles, 1^ a chain of mountains of 6000 or ^000 feet high — most pro- 
bably the Werner Mountains of Scoresby. About eleven o’clock they started for 
the western or higher end of Cape Franklin, whose height they assumed to be 
4000 or 4600 feet. There they found that the bay or fiord bent round towards 
the N.W , sending branches m a westerly direction, while to the north it seemed 
to expand into magnificent proportions It was resolved to talie the ship round 
into the hitherto imvisited waters On the north shore of the entrance, the green 
slopes which formed the foregioiind of the rugged heights of Cape Franklin cvere 
dotted with the small, burrow-like, forsaken winter dwellings ot the inhabitants, 
whom some strange mutation of the climate had driven away, and afloided pas- 
ture to numerous herds of reindeer. From tins point they steamed about 60 miles 
into tlie interior of Greenland , and had not the defective state of their boiler and 
the positii'e character of their instructions prevented them from risking a deten- 
tion during a second winter, they might have easily advanced much further. 
From the summit of a peak (Mount Payer) 7200 feet in height, situated in 20° 18' 
west long , a view was obtained of a mountain-chain lying about one third of the 
breadth of Gieenland from the east coast, the loftiest peak of which must have 
been neaily 18,000 feet in height. No traces of a complete glaciation of the inte- 
rior were visible The usual magnetical, astronomical, zoological, and botanical 
excursions were here made On the 17th of August, the expedition left the coast, 
and aimed at Bremerhaven on the 11th of September, 1870. During the whole 
voyage they determined the density of the sea-water, which was found to im lease 
with the depth, especially amongst the ice In regaid to the ‘llansa,’ from which 
they had been parted, notwithstanding the heroic efforts of her captain to reach 
the coast, sho was nipped m the ice, and went down on the 28id of October, 1809, 
leaving her ciew to make an almost miraculous voyage of 800 miles on a con- 
stantly decieasing ice-floe, exposed to all tlie rigours of an Aiclic winter They 
were fortunately able, after at length leaving the ice-iaft in their boats, to reach 
Friedrich sthal with the most incredible exertions. 


On the Limjpo^po Ex}mlition, By Captain F. Eiton. 

The lower course of the Limpopo was explored a few yeais ago by Mr. St. Vin- 
cent Erskme, the son of the Colonial Secretary of Natal , and Capt Elton’s object 
was to tiace its higher waters, in order to see wEetlicr a more convenient loute 
and water communication could be opened up fiom the settlement on the Tati 
river to the sea-coast, a distance of neaily loOO miles The difhculties, both 
natural and artificial, with wdnch Capt Elton had to contend weie often very 
great , but the pliysical obstacles to liis journey, and the liostility or cupidity of 
the natives, weio successfully overcome , and he accomplished a voyage of con- 
sideiahly over 900 miles. Tie has also shown, as he believes, the piacticability of 
the route he has opened up, and it is scaicely too mucli to expect tliat by so doing 
he has rendered essential seivice to commerce and civilization, 


On a Self -replenishing Artificial llo) izon. 

Invented and desenbed by CnuisTOPHEU George, 11 N , F li A 

This instrument consists of a pair of circular disk-like ic^ervoirs about 24 in. in 
diameter and | in in depth, made of iron, at the same casting: one contains the 
meiTUiy, and the other is the trough for observing. 

The disks are connected at their ciicumfcKmccs by a nairovv neck, in which is 
drilled a hole to allow the ineicmy to pass fiom one leservoii to the other, the 
communication between the two leservoirs is opened or closed by a stopcock, on 
the cone principle, so that the nieicnry can be passed from one disk to tlio other 
without removing the glass cov er or the risk of losing any of the mercury. There 
are two .screw stoppers attached to the mercunal reservoir foi admitting air into 
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that reservoir or out of it as required. The trougli-disk is fitted with a glass 
cover, which is screwed on when the mercury is to he passed to or from the other 
reservoir. When an observation has to be made this cover is removed, and a disk 
of glass is placed on the inercuiy , this gives a clear and steady reflecting surface. 
The weight of the instrument is lb. The instiument is made by Messis. Gould 
and Porter, successors to Cary, optician, No. 181 Strand, London. 


Further disclosures of the Moahite Stone. By Dr. Ginsbubg, 


Ascent of the Atlas Range. By Dr. J. D. Hooker, C.B., F.R.S. 

In this paper the author described his ascent of the Greater Atlas, accompanied 
by Mr. Ball and Mr. G. Maw. Permission was given him to visit the wliole range 
of the Atlas from a point easiwaul of the city, westward to the ocean , but he was 
obliged to piomise to confine himself to collecting plants foi the Boyal Gardens 
and to practising ns a Ilabim, so that he was unable to take any exact topogra- 
phical observations. He, however, reached the crest of the main lan^e visible 
from the city of JMarocco, which has long had the lepute of being the loftiest of 
the whole great Atlas lange The mountains present, as seen from Marocco citv, 
a long ridge, apparently of tolerably uniform lieiglit throughout its whole lengtu, 
about 1.3,000 feet, steep and locky in the uppei legions, witli long sticaks of snow 
descending m deep steep gulleys , but it ollms no snow-capped peaks or slopes 
of any extent, noi glaciois, and the loftiest points of the jagged sk;y-lme are not 
snowed at all The party took, from Maiocco, hr»t a south-easteily course to the 
foot of tlie Atlas, m the province ot Misfuia, and tlience a south-westerly one to 
the province of Beiaia, whence they had been assured that the ciest of the range 
was accessible. Then camp, at an elevation of 4100 feet, was sui rounded by olive 
and walnut gioves, fig-ti('es, pncldy pears, vines, mnlbeiiK's, and almonds. The 
native trees weie poplar, ash, jiimpei, willow, and callitris (the famous Thuja of the 
Homans), the bushes are lentisks, lioneysuckle, cistus, elder, lose, alateinu.s, philly- 
r.Ta, ivy, bramble, and .sluubs allied to the bioom. I’hc climate is temperate, and 
the scenery latherpietty than giand or mountainous, except up the valleys, which 
are backed by the Higgl'd, black, Imt snow-stieakc'd crest of the lange At 0000 
feet the party came upon the fust indubitable signs of old glacial action, iii a huge 
moraine projecting appaiently fioiu the flank of a kiteial valley, with two smaller 
moiaines neaily paiallel with the greater one All wc'ie loaded with enormous 
blocks of poiphyiy and othei nietamoi^hic loeks, and, except for the walnuts and 
little teiiaeccf fields, aie neaily baic of vegetation At about 0000 feet they came 
upon a mule-track, up which they pu'shcci oyei rocks and deb)i^ Di Hooker and 
Ml Ball were botani/ing, and Mr. Mavy alone leaclied the cicst, vvheie ho read 
his aneroid, which gave a hc'ight, by coinpaiison vv^itli another aneroid and the 
boiling-point, of 12,000 fc'ct. The tempeiature was 2H h The most remaikablo 
featiiie of this pait of the range is the clownvyard extent of the snow in steep deep 
noithern guile} s to 7000 or 8000 feet, up to the end of May, but these snow- 
stieaks are not connected with any snovy-helds or snow-capped peaks above. This 
seems to be due to the climate and to the steep contour of the avis, which is now 
scoiched by a blazing sun, now swept by cliy Sahaia winds, and tliioughout fho 
year exposed to the very pieyalent N W. oceanic wind laden with vapours that 
fall as snow and hail-storms There is thus probably always snow on this part of 
the Atlas, but there is no perpi'tual snow propi'i , m othei words, all the snotv that 
falls annually on fanly eiposed sta faces meltf> tn the same yeat Botamcally, the 
upper region is as bare as the middle legion is rich, and the author desciioed m 
some detail the chaiacteristics of each The Atlas has a speiial mteiest as pre- 
senting the southern limit of the Mediterranean, and indeed of the Noith Tempe- 
rate flora. T-. . j i.x 

The party proceeded from the beautiful valley of Heraia westward ov’cr the 

northern spurs of the Atlas to the province of Sectana, whence they travelled on 
to that of Anismiz, crossing the Wad en Fys, the principal feeder of the Temsift, 
where the authoi and Mr. Ball ascended a peak 11,000 feet high in the mam range, 

12 * 
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and from thence saw across the Sus valley to the southward. The snowy axis 
here approaches to within some hfteen miles of the foot of the mountains^ and 
consists of more isolated tops and far less steep ridges, though snow came down 
to 8000 feet on northern exposures. The floor of the valley, like the others, is 
very narrow, and clothed with walnut and olive cultivation, threaded by a 
brawling stream. The valleys of the upper feeders of the Wad en Fys occupy 
an area probably not less than twenty miles broad. Dr. Hooker saw no forest in 
any part of the range, clumps of brushwood and isolated stumps of oak, juniper, 
carob, and ash being all that remain of the primeeval woods. These mountains are 
extremely bare ; even moss and lichens are poor and rare compared with what other 
alpine and subalpine regions present. Low as is the latitude of Marocco, its vege- 
tation shows that the North Atlantic determines its climate, favouring the dis- 
persion of northern types up to the tops of the Atlas, and forbidding the entrance 
of southern forms that elsewhere prevail in similar latitudes. From Amsmiz the 
party continued to travel along the base of the Atlas, and made some minor 
ascents, obtaining a general idea of the character of the chain in this longitude 
(8° W ), whore there is another broad depression, through which the road runs 
from Marocco to Tarodant in the Sus valley — a place once of immense commercial 
importance, and still one of great resort The p«irty returned to Mogadorc on the 
3rd of June, and succeeded in bringing their collections safely with them, which 
will enable Dr. Hooker to elucidate the flora of a hitherto almost unknown region. 
The Moors and Arabs of Marocco are described os being vile beyond a proverb. 
The Government is despotic, cruel, and wrong-headed in every sense. From the 
Sultan to the lowest soldier all are paid by squeezing those in their power. Ma- 
rocco itself is more than half ruinous, and its prisons are loaded. The population 
of the whole country is diminishing ; and what with droughts, locusts, and cho- 
lera, and prohibitory* edicts of the most arbitrary descnption, the interior is on the 
brink of rum. But that two thirds of the kingdom is independent of the Sultan’s 
authority, being held by able mountain chiefs who defy his power to tax or inter- 
feie with them, and that the European merchants maintain the coast trade, and 
the Consuls keep the Sultan’s emissaries in check, Marocco would present a scene 
of the wildest disorder. 


A Journey from Yassin to Yarhand, By Ihr^him Kuan. 


Interior of Melran, By Captain B. Lovett. 


Note on the Geographical Distribution of Petroleum and allied products. 

By Colonel 11. Maclagan, li.E., F.li.S.E , F.E.G.S. 

The extent and variety of the uses to which petroleum and other allied pro- 
ducts have come to be applied, and the vast quantities m which, within the last 
few years, they ha\e been obtained, give a special interest and importance to the 
observation of their geographical range and positions. The places are mimerous, 
and the circumstances \ aricd,Jn which these substances, in some one or other of 
their forms, have for long ages been known. 

The closbification of tliese products having certain general common characters, 
and probably a similar origin, is not now essentially different fiom that of Linnaius, 
and exhibits relationships before recognized m a less formal and systematic way by 
Pliny and others *. They belong to Linnaeus’s class of ‘‘ inflammable minerals,’’ 
consisting, according to his arrangement, of bitumens, coals, amber, and amber- 
giis. The bitumens he specifies as fluid bitumen or naphtha, rock-oil or petro- 
leum, mineral tar or maltha, mineral pitch or miimia, asphalt, mineial tallow, 
elastic bitumen, and hal’d bitumen or jet. And next to the bitumens and coals 
he places honey-stone (found associated with asphalt), common amber, and amber- 
gris, Prof. Aicher, in a paper on the oil-wells of Pennsylvania and Canada (Art 

* Pliny, N. H. hb. xxxv , Strabo, xvi. , Herod, vi. 119, &c. 
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Soc. Journ. Aug. 1864), says, It may be useful to know that rock-oil, petroleum, 
Barbadoes tar, naphtha, are all \aiietie8 of the same material, and that bitumen 
18 the pitch-like residue which remains after the refined oil is distilled from the 
crude, or has naturally dried away.’’ These aie the substances of which collec- 
tively the geographical positions are to bo noticed. , 

The notices in old wiiters of the well-known sources of bitumen on the Euphrates 
and in Juda3a aie numerous, and these are the most fiequent subjects of reference 
to these products m later times, till the rcmaikable naphtha-springs at Jhiku on 
tlie Caspian, and tlie stnking appearance which they present, came to be more 
generally known. The soft bitumen m the Euphrates ^ alley is that of which we 
have the earliest mention* * * § . The word translated slime ” in the English version 
of Gen. XI. 3, is ao-(})a\Tos m the LXX. and bitumen in the Vulgate, and this is 
what IS meant Of the asphalt of the Dead Sea, its quantity, and the magnitude 
of the masses frequently found, there are many accounts in the writings of ancient 
and modern travellers f. 

The great abundance of the petroleum at Baku on the Caspian, and the remark- 
able sight presented by the flaming streams of oil and dischaiges of ga'i, have been 
the subject of many descriptions One of the chief things of note at llxku is this 
emission of inflammable gas or naphtha-'v apour, which occurs aLo in many other 
parts of the world, with or without the immediate accompaniment of oil-springs. 

The fire-temple at Baku has a special interest in connexion with India, not only 
from its general similaiity to that of Jwala-Miikhi near Kangia in the Punjab, 
but also from the circumstance that the Bakit temple has, for a long time and 
down to the present day, been, like the other, a place of Hindoo pilgi image, and 
maintains a small fraternity of resident Brahmans. The great conflagrations of oil 
on the surface of the ground have not been constant, and many tra\ellers do not 
mention them ; but they could not fail to have been mentioned by any who had 
seen them J. 

Marco Polo describes the great abundance of the discharges of oil at Bilku, and 
says that people came from vast distances to fetch it§. Baku is described by 
Kaempfer, who was there in January 1G84)|. Just a hundred years later it waa 
visited by Mr. Foister on his journey from India to England Tie has given a 
detailed and inteiesting account of the place, and of the Ilindoo mendicants and 
niei chants who resided there He mentions that the Ilindoo traders there were 
chiefly from Mooltan, and that they usually cmbniked at Tatta in Lower Sind, 
proceeding bv sea to Bussora, and thence accompanying the caravans passing into 
Persia 1 made endeavour to ascertain at Mooltan Av^hethcr there is at the piesont 
day any direct inteicourse between the Hindoos of that place and Balvii, but could 
not leaiii that it is kept up. But it is veiy possible that enterprising Hindooa 
from Mooltan Avho do not return there, and whose mo\ements are not known to 
their fiiends, may settle down at Baku as they do ebewhere. A Punjabee Hindoo 
died a few years ago at Moscow, regarding whose property in llussia and relations 
in the Punjab there was some corresponaonco between the Kussian Govcn'iimont 
and our own iii India and in England Among the Hindoos at the Baku temple 
Forster^ found an old man, a nati\e of Delhi, who had visited all the celebrated 
temples of northern and southein India, and whom he afterwards met at Astii^an. 
Moner, in 1812, met in Peisia a Hindoo entirely alone, retuimng to Benares fiom 

a pilgrimage to Baku **. t tt i 

About midway between Kaempfer’s time and Forster s, came Jonas Ilanway, who 
gives a description of Baku, the fire-temple, and the Hindoos, and the great quaii- 


* Herod i 170, Philostr Apoll Tyan i 17; D’Herbelot, Bibhoth Or v Hit 
t Strab VI. 703, Phn N.II.vu. 13, Joseph. B.J. iv 8.4, Tacitus, Hist, v 0, Maun- 
deville, Rodion, &c 

+ “ llddku and those fountains of blue flame 

That burn into the Caspian ” — Lalla Rooku* The Veiled Prophet. 

§ Book I cli m (vol. i p 46, of Col Yule’s edition, 1871). See also note in Mars- 

JLrammt*. Exot. p. 274, &c. ; Lives of Celebrated Travellers (Colburn’s Nat. Libr ), 


1, 263. 

^ P. 262, note. 


Second Journey, p. 243. 
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tities of oil, obtained then chiefly from certain islands in the Caspian. Descriptions 
are ffiven by otlier old and modern travellers of this oil-region, the copious discharges 
of the white and black naphtha, the streams of flaming oil on the hill sides, the 
gas and the fire-temple, and the explosive effects of the ignition of the gas mixed 
with atmospheric air*. An interesting communication was made in 1868 to the 
Geographical Society of Pans by Dr. Bociklund on the results of his trans- 
Caucasian explorations, in which ho describes the naphtha-regions of the Caspian. 
On the He Sacri^e, he mentions, not far from the Abschoion peninsula on which 
stands Baku, there is now a manufactory of paraffine. 

Dr. Boerklund notices also the association of these petroleum-fields with active 
mud- volcanoes. The connexion of pcffroleuiii with ei options of mud and agita- 
tions of the earth’s suifaco is notewoithy and important t* The most complete 
observations on mud-volcanoes, and the relation ot these and similar phenomena 
to deposits of petioleum, are to be found in Prof An^ted’s paper on the subject 
communicated to the Royal Institution m May 186(5, with immediate lefeience to 
the mud-volcanoes of Sicily and the Ciimea which he had recently visited Tlieio 
are mud- volcanoes in other parts of the world, in connexion with which petroleum 
has not hitherto been found There aie large volcanoes of this kind at Hinglaj 
near the south coast of Belochistan, which have been visited by a few British 
officei’S. So far as I am aware, no signs of petroleum have been found in their 
neighbourhood , but the country has not been wtdl explored f The petroleum of 
Kerman has been noticed by Pottiiigei § One of the allied substances, ambergris, 
has long been a noted product of the adjacent seas 

The similanty of the phenomena shown by mud-volcanoes and gas-spiings in 
the Italian peninsula, in the Caucasus, and in South America, is displayed over 
great tracts of country in the Chinese EmpiieU The use of the natural fires of 
petroleum and gas m the province of Shan-Si is described in an old account of the 
province by a native wiiter, Dionysius Kao, who says that in all parts of the pro- 
vince are fieiy vvtIIs, which conveiiKuitly seive tlie people for cooking their victuals. 
(Possibly the ‘^Temple of the Limit of Fiie,” mentioned by ha Hian the Chinese 
Buddhist pilgrim, was a temple over natuial gas-flames like those of Baku and 
JvvMa-Mukhi^I.) Similar gas-flames on the Caramanian coast aio described by 
Cant Beaufort **, as before by Pliny. 

The country from which the principal supplies of petroleum were obtained in 
Britain, previous to the discovery of the enormous quantities to bo obtained in 
America hy boring, was Burniali Of the petrohmni wells in that country a full 
account is given in Colonel Yule’s ^Narrative of the IMission to the Court of Ava,’ 
and in the notes in the Appendix hy Mi Oldham, Director of the Geological 
Survey of India In the Province ot Pegu there is a burning hillock called the 
Nat Mee or Spirit Fire, of which an account is given by Lieut Duff^ Deputy 
Commissioner of Thyet Myo, in a communication to the Asiatic Societ}^ of Bengal, 
July 1861 The gaseous exhalations at Chittagong, called the Bui mug Fountains 
of Brahma, have been desciibed by Turner, and more recently by a writer in the 
Jouinal of the Asiatic Society of Bengal ft* 

There aie many other parts of Asia and Fuiope in which these products, in 
some of their forms, are found and have long been known In Assam petroleum 
IS now obtained in considemble quantity hy boring The native petroleums of 
feoiithein India and of Australia nave been shown in lecent local exhibitions 
In the interior of Sumatra springs of sulphur and petroleum were discovered 
in 18G9 The petroleum of the noith-we&tern parts of the Punjab, known 

* M'^ondeis of the East, by Friar Jordanus (Col Yulo’s note), p 50, Hon O Keppol’s 
‘Journey Irom India to England,’ 1821, ‘A Journey from London to Petsepolis,’ by J 
Ussher, 1865 , Morior’s Journey , Kmneir’s ‘ Persia,’ &c , ‘ Some Years’ Travels,’ by Tho 
Herbert, 16.38 t Cosmos, i 212, Scrope on Volcanoes 

I An account of them by Col A C Robertson, 8th Regt , is given m the Journal of the 

Asiatic Society of Bengal, 1841) § P 312 

II Humboldt, ‘ Cosmos,’ iv. 216 , Hue, ‘ Chinese Empire,’ ch vii , Davis’s ‘ Chinese,’ 
ch^ v 

^ Beal’s * Buddhist Pilgrims,’ ch xvi p. 68, 

■ft Vol. in. p. 1055 


Cosmos, 1 210. 
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and used since an early period *, is now being worked. The chief purpose for 
which it is directly required is the manufacture of gas for one of our large military 
stations (Rawul-Pindee). 

The great vigour and vitality of the flame of petroleum gave it a special value as 
a material for igneous missiles before the invention of gunpowder It is only 
necessary here to notice this application of the mineral oils as indicative of the 
localities fioni which the material was probably obtained t* The Levant, the 
coast of Asia JMmor, the Grecian islands, Sicily, and the Caspian, would furnish 
abundance of this material in some of its foims for the destructive engines and 
fire-balls used in the Eastern wars and sieges There is good reason to behove 
that the I’uujab pctiolemn was applied to a similar purpose by Mahmud, of Ghazni, 
in one of his engagements near the Indus with the Indian prince Anandpal in the 
beginning of the 11th centuiy This question has been discussed in a most inter- 
esting note on the early use of gunpowder in India by the late Sir Ileiiiy Elliot, 
in the first volume of his ‘ Bibliographical Index to the Mohammedan Ilistorians 
of India’ f 

The substance called niumia, or mumiai, is held in great estimation as a medi- 
cine for both inteiiial and external use. The other substances of the same class 
are also used for medicinal as well as for other purpose's § ; but what is called 
muniia is used for this only The current belief in the East is that inumia is of 
animal oiigin It is worthy of note that recent researches have led to the con- 
clusion tliat this IS the case with lespect to some, at least, of the great deposits 
of the niineial oils dlsco^ered within late }ears, but the animal origin of niiimia 
IS, in PoK^ia and India, believed to be more immediate. That obtained in the 
shops at Lalioie is said to come tiom Cabul, that is, in a geneial way it is ob- 
tained fumi 01 tluough Afghanistan ])r Fiyer tells of a place in Persia where it 
was obtained m his timelj. Petioleum is abundant in the same quaitor now. 
Another of the substances of this class, ainbergiis, has at all times been believed 
to belong, mediately or immediately, to some big animal ot the salt watei , but 
the conclusions regaiding it aie not even now v'ery satisfactoiy 5]. 

The geographical positions in which these vaiious products in some of their 
forms aio found, and in winch indications of their existence, or the fiequent ac- 
companiments ot them, aie met with, appeal to be sulhciently vaiied Thev occur 
in great nvei-basins, m those of the Euphiates, the Indus and its tiibutaries, the 
ihahmaputia, the Iiawadi , of the St Lavvience in Upper and Lower Canada, the 
Ohio and Mississippi iii the States of Ohio, Iennc''See, and Arkansas, the Rio 
Coloiado and othei minor riveis in California and New Mexico Next, w'e observe 
them veiy abuiulant in the two lemaikable depressed lakes, the Caspian and the 
Dead Sea In islands, Ceylon, Sicilv', Zante, and other of the Gieek I'^lands, ni 
Sumatia, and in a special maiinei in Tiimdad near the mouths of the Oiinoco 
Alom^ tin* «kirts of gieat inountaiii-ianges and between mountain-ianges and the 
sea, thus in Pennsvlvama and Viigima, in the country on either side of tlie 
Alle'dianies , in Tennessee, intcisei led by the (hunbeilaiid mountains, in Ti'xas, 
witl^its bioken langes of mountains parallel to the coast, and huge livers lunning 
from them and thiough them into the Gulf of INfexico , between the mountains 
and the sea in the south of Asia Minor, of Persia, and Belochistan 

* Notices of it are given m the works of Elplnnstone, Burncs, Vigne, Edwardes, and 
otlicvs 

t Accounts of the nature and effects of such missiles are given m Do Joinvillc’s ‘ Life 
of St Louis,’ and in the pages of Gibbon, Niebuhr, Kallam, Ac , and moic particularly m 
Messrs Rcinaud and Fave’s Treatise on the ‘Feu Gicgcois’ t^ce also Ammian Mnrccll , 
Ve"o(ius, ‘Do Re Militari,’ Tasso, ‘Jer Del ’ xii 42-14 

i Th^fire-pao mentioned by Polo, the aqm-asfcr of the ancient Hindoo poems, and the 
firc-daits rclorred to by Menu, have possibly been of the same kind 

8 llanway, Abb6 Hue, ‘Chinese Empire,’ ch xi , ‘Indian Annals oi Medical Science,’ 
no^ni 250, Ainslio, ‘ Materia Indica,’ i 41, Honigberger, ‘ Thirty Years m the EasU &c. 

II New Account of East India and Persia, nine years’ travels, 1G72-1G81, by J Fryer, 

D ^ 

Lane’s ‘Thousand and One Nights,’ iii 06, Yule’s ‘Marco Polo,’ vol ii. p 342; 
Benaudot, ‘ Ancient Accounts of India and China,’ p 94. 
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In nil those various kiiitls of geogTaphical situation they aro found, their pro- 
duction and exhibition being subject to necessary geological and other conditions, 
on which it is not the purpose of this paper to enter. 

The frequent association of these products Avith salt has been noticed. The oil- 
fields of the Punjab, which have lately been surveyed and reported on, aro all in 
the north-west part of the broken senes of hills and tract of country bearing the 
general name of the Salt Ivange, containing the inexhaustible stoies of massive 
salt from which that province and ncighbouiing countiies have been supplied for 
many ceiituiies. The explanation of the connexion of salt with petroleum has yet 
to be sought, but the fact meanwhile is important. 

The oil IS not always accompanied with gas, but the inflammable gas appears 
generally, if not always, to indicate the existence of the oil in some form, and par- 
ticularly, as it appears, in regions pioducing salt 

The oil IS obtained, as in Puimah, by making excavations in the soil in which 
it has become diffused, into \v Inch excavations or wells the oil slowly passes from 
the soil around. And it is procured by deep boiings, in which it may rise in tho 
manner of water m aitesian wells, by hydrostatic piessure, or, as in the many 
instances with which descriptions of Ameiican and other oil-wells have made ub 
familiar, forced up fiom reservoirs in subtenanean cavities under the pressure of 
steam or other v apour. In any geographical «ituation it may be obtained in tho 
flrst mannei. It is when it occurs along the outskiits of mountain-ranges that it 
may rise as in artesian water-wells , and wheie the earth has been subjected to 
violent internal action, and the rocks have bi'en mucli split and displaced, it is 
obtained fiom cavities and veins, frequently attended with escape of gas at tho 
siuface of the ground and spontaneous discharges of the oil. 

These appear to be, in a geneial way, the kinds of situation and tho modes m 
which, where these products have been foimed, they aro obtained for use, or 
where tho siirface-inclications of their presence occur It is desirable that turther 
and more dehnito information should be gatheied by tliose whoso experience of oil- 
regions, or other oppoitunities, affoid them tlie means of coiitiibuting to our know- 
ledge of a subject winch has come to be of great practical importance as well ns of 
scientific and general interest. 

On the Formation of Sand-bars, Bij Dr. R. J. M\nn. 


Iteport on Badalolan. Bij Pandit Minpral, C.S.L 


On the Eabtern Cordillera^ and the Favir/afion of the Hirer Madeiia. 

By C. R. Mxktviiim, V.B.^ Sec. R.G.S. 

The author began by referring to the paper which he leaclbefoic tlie Assoc iat ion 
at tho Leeds Meeting in 1858, and in which lie showed the vast inqioitaiice of tlio 
opening up of lines of watei communication betw^cen the Andes and the Atlantic 
by way ot the Amazons, and the immense extent of country w'hich then remained 
to bo explored. Having pointed out what has since been done m the way of dis- 
covery, lie proceeded to give an account of the recent investigations connected 
with that portion of the mighty eastern Cordillera of the Andes which contains 
the sources of streams that foiin tho Beni, and to repoit upon tho operations 
which are in contemplation, with a view to opening a navigable route from tho 
Beni to the Atlantic by way of tho river Madoii a. The old Yncas of Peru did 
all that was possible to secure for their people the wealth of those interminable 
forests to the eastw^ard of the Ande.s, but they did not know that the rivers dash- 
ing down from their mountains led to an ocean whence tho arts and products of 
the whole world might bo brought to their doors. But their descendants see, in 
the mighty Amazon and her tributaries, a means of saving the ruinous land-cai- 
riage ot their merchandize to the Pacific coast. The cost of taking a ton of mer- 
chandize from Cuzco, tho capital of the Yncas, or fiom La Paz, tho commercial 
capital of Boli\ la, to England, is about £40, the time five months. Under such 
conditions no produce but gold, silver, and chinchona baik would pay the expense 
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of transit. By tlie route of tlio Madeira and Amazons, this voyage of fi\c months 
will be reduced to six weeks, the course being thiough a civilized empire which 
takes the lead in opening the way for the commerce of the world , while the 
opening of those gi eat fluvial high \va> swill also ha\e the effect of solving the 
most interesting questions in 8outh Ameiican geogiapliy The section of the 
J’lastcrn Andes, which is drained by the feeders of the Beni, extends from the 
parallel of Cuzco to that of La l^az This eastern chain foims a giant wall, run- 
ning up into the loftiest peaks of South America in its southeiii portion, and 
every wnere rising above the line of perpetual snow. The author .showed that the 
cartography of tlie south-eastern end of the chain is well defined m our best 
modem maps, while that of the north-wcstein portion is m a state of much con- 
fusion 5 and he also pointed out some analogous features which e\i.st between the 
Andean and the Himalayan ranges. lie then described m some detail the phy- 
sic.al features of the legion, which is peculiaily iiiteiesting, leading to the conclu- 
sion that the complete examination of the great allliient of the Madeira will result 
ill opening up one of the richest couiitiies in the woild, piovided tliat the question 
of turning the rapids of the Madeiia, and of making the lower pail of its course 
navigable, is giapplcd with and oveiconie The Brazilian Government is alive to 
the importance of developing the resources and fostering tlie trade of the Amazon 
valley, and has caused an elaborate survey to bo made of the Madeiia lapids. 
These aie eighteen m number, the total fall being 272 feet The length ot the 
river couise, containing inpids, is 220 miles, and the length ot actual broken water 
is 12 miles. The difleiencc between low water and tloods is about 20 feet, the 
use commencing in October and ending in ^larcli Commerce is now carried past 
in launches and canoes caiiv mg fioni 0 to 8 tons At six out of eighteen lapids it 
18 necesfsaiy to haul the boats round overland, at iive otheis the boats aie liaulcd 
up stream w liile the boats aio earned round, and the icst are meiely dillicult passe.s 
wheie the loaded craft easily shoot along the cuiient Seiious steps have now 
been taken to oveicome these obstacle'^ A concession has his'ii giauted for the 
construction of a railway louiid the rapids, which vmII bo 170 miles long:, including 
a .short branch to the mouth of the Bern, Above the Madeii.i inpid,'. tlieio are 
SOOO miles of iiver suited to steam nav igation , and the aitides ot commeice, which 
would at once find an outlet by tins route, are Clnncliona bark, India-iubber, 
vanilla, sarsapaiilla, balsam.'i, aloes, -snleiian, dve-woods, gums, wax, haminoeks 
and bats, caca^, cofleo, hides and tallow, wool, .skins, cotton, gold, sih ei, and copper. 
Commerce is alieady treading dose on the heels of discoveiy , and Pemvian tiark, 
liitheito shipped exclusicely from Pacific ports, is now beginning to find its way 
to England by the Amazon and Para. The trade of the Amazons, which was less 
than half a million when the steameis beg-aii to iim m IS^lf, is now npwaids of 
£'2,000,000 , and tins only lepu'sent.s Ihc traffic on the mam stream. The mcreaso 
will ceitainly bo enormous -wlicn the mighty affiuents bring down the pioducts 
of the Andes to find then way, by tins magnilicent tluvial Inghyay, to tin* At- 
lantic. The country 18 one po««essmg boimclle«s capabilitn s, and a blight futuie 
must as.snredlybe m store foi that great Amazonian ba‘'in wlndi imtine has blessed 
so wondii fullv^ Xoflniig can be more likelv to conduce to the consummation of 
its commeicial gicatnc'-s tl'an the thormigh examination of tho^e splendid navigable 
riv'ors winch foini the chief affluents of the Ania/ons, and .some of tlu' more im- 
portant of xclnch aic still so little known In no otlnu pait of the vvoild is there 
a grander lield foi geogiaphical discovery and lesearch. In no other pait will the 
labours of the exploier be more richly repaid. 


On the Geof/ra2'>Jiical Positions of the Tribes ivhnhfoimed the Empire of the 
Yncas. By Clements II. Mabkham, C.B , Bee. Jl.G.S. 

In submitting to the Section the views which a study of early wnteis, the 
native languages, and the topography of the couiitiy had led him to foim respect- 
ing the geographical positions of the tribes which combined to form the empiie of 
the Yncas of Peru, the author pointed out that the study of the nature aud degree 
of the civilization attained by the aboriginal Americans is especially important, 
localise that civilization was eelf-developcd. The three American empires of the 
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Yncas, the Chibchas, and the Aztecs were based upon the progress made in the 
arts of civilization by the tribes which composed them, and on the united eiforts of 
those tribes, after they had been welded into great nations. The difficulties of 
classifying or distinguishing the special characteristics of the component tribes 
having been shown, a description was given of the region which formed the empire 
of the Yncas This vast tiact is a long strip of mountain- and coast-line, bounded 
on the east by the foiest-covered plains oi the Amazonian basin, on the west by 
the Pacific Ocean, and extending noith and south from 2° N. to about 20° S., or 
upwards of 1500 miles, with an average width of 400 miles. It comprises every 
variety of climate, and contains within its limits the most prolific tropical forests, 
valleys with the climate of Italv, a coast-icgion ic'^embling Sind or Egypt, tem- 
perate hill -sides and plateaux, bleak and chilling pasture-lands, and lofty peaks and 
ridges within the limits of eternal snow On one mountain-side the eye may 
embiact', at a single glance, sugar-cane and bananas undei cultivation m the lowest 
zone, waving fields of maize a little higher up, shaded by tall trees, oichaids of 
tropical fiuits, stretches of wheat and barley, steep slopes clothed with potatoes 
and quiiioa, bleak pastuies wheio llamas and alpacas are biowsing, and locky pin- 
nacles stieaked with snow In such a countiv, with such avaiielyof climates 
and products, and where coinmumcalion is so difficult, the vaiious nations appear 
to have giadually developed their capabilities in almost complete isolation The 
tribal divisions of the empire of the Yncas agree well with its leading pliysical 
aspects. They consist of five clearly defined regions, four following the lines of 
the Coidilleras, and the fiftli on tlie sea-coast. The first and most noitliein extends 
from the river Ancas-mayu to the knot of Loxa, a distance of doO miles, and is 
included in the kingdom of Quitu The second leaches fiom the mountain-mass 
of Loxa to the saddle which separates the drainage of the Huallaga and Ucayali. 
It is 4o0 miles long, and comprises the Ynca division of (diinchasuyu The third 
and most important region is that which is diained by aflluents of the Ucavali. It 
includes the home of the impel lal tribe, and may appiopi lately be called the Ynca 
division. The fouith computes the basin of Lake Titicaca, and is known as the 
Collao. The fifth is the coast-region, and extends along the shores of the Pacific, 
from the Bay of Guayaquil to the desert of Atacama, a distance of 1200 miles. 
Theie is no sufficient evidence for the belief that the Yncas originally came fiom a 
distance, and there is a native tradition to the effect that their civ ilization w'as 
altogether of indigenous oiigin and growth The author ref(*ried successively, and 
in consideiable detail, to the leligion, the language, and the aichitecture of the 
Y^ncas, which aftoided evidence of, and an index to, the progress of civilization 
among the tubes lie also briefl}" desciibed the difieient regions which compiised 
the empiie, and gave some account of then histoiy and peculiar chaiacteiistics 
The conclusion ariived at, after careful study, was that the tubes of Peru resolve 
themselves into two pi unary divisions, distinguished by a complete diffeience of 
language, both .as regaids vocabulary and grammatical consfi action, sufficient to 
establish an entiiely «eparate oiigiii. These are the people of the four Andean 
regions, and the Indians of the coast. They form two races and two civilizations. 
The tubes of the four Andean regions, on the other hand, spoke languag«i which, 
though differing as regards vocabulary, are identical in grammatical construction, 
and point to a common origin The languages are our most reliable guides. Phy- 
sical differences are causeePby local ciicumstances tonnected with climate and 
habits of life But the languages, when caiefully studied, give us an insight into 
the original condition of the diflerent tribes, and, with the aid of evidmice collected 
fiom the earliest wiiteis, enable us to resolve the gieat Y^nca Empire into its 
elements, and to classify its component pai ts In a geographical point of view it 
is important that w'c should bo anle to indicate the exact positions occupied by the 
diffiuent tribes, as well as their relative importance, and the degree of relationship 
they bore to each other. 


On die Sorali Co'ist. By Capt. Miles. 

This paper contamei information regarding the country and its inhabitants, as 
well ns the trade in gum and aromatic spices, m which the natives hftve engaged 
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from a very early period. The Somali country is but thinly peopled, the tribes 
being purely nomadic, raising no corn, but subsisting on their flocks and herds, 
and moving about lor the convenience of pasturage. 


Encroachments of the Sea on the East Coast of Yorkshire, 
Bif the llev. F. 0. Morris. 


On the Inundation and Subsidence of the Yang-tsze River, in China. 

By ^ Mossman. 

The author desnibed the phenomena attending the annual floods of the Yang- 
tsze-Kiang, which are similai to those of tho Nile, but greater in inundation, and 
nioie devastating in ellei t The floods depend upon rainlall from clouds caused by 
the south-west monsoon using in the Indian Ocean, and the melting of snow in 
Fastern Thibet and Kf>konooi, wlieio the tablelands aie from 12,000 to 18,000 feet 
above the lei el ot the sea So far the oiigin of tho floods in tho Yangtsze-lviang is 
similar to that of the Nile, but th<» use and subsidence of the former iiier are more 
rapid than those of the lattei 'The inundations vary more or less in their height 
from year to yeai, the langii being from thirty-five to fifty feet, while the most fre- 
quent rise is about forty feet. 

Letters from YJadwostok and Nikohk, South Ussun District. 

By the Archimandrite Palladius. 


On the Geography of Moah. By E. II. Palmer, M.A. 

Tho author commenced by desciibing tho country of Moab, which is about fifty 
miles long by twenty bioad, and includes the tableland on the eastern shore of the 
Dead Sea, as well as that part of the (Dior which lies on the eastern bank of the 
Jordan opposite Jeiicho The uplands he desciibed as consisting of a rolling pla- 
teau, about .8200 feet above the level ot the sea, the western edge being cut up 
into deep A alleys, and descending by a senes of slopiim hills, at angles of loity-fivo 
and fifty degrees, into the Dead Sea These uplands are natuially divided into 
tAvo distiicts by the great chasm of Wady Mojib, the Arnon of Sciiptuie Tho 
author gaAo some mteiestmg iii'^tances of his identification of modem places and 
terms Avith those mentioned in Sciiptuie liistorj'. Foi instance, he stated that the 
modern town of Keiek, though little better than a collection of liOAels, stands upon 
the site of the ancient capital of Moab In tho Old Testament it is called Ivir- 
Haiaseth, — Haresh, oi Ileies Tho first pait of the name appears to signify 
walled city,” but the meaning of the sulh.v has sufficiently puzzled commentators. 
But AAdien tho author was at Dhiban (tho ancient Dibon), he unexpectedly met 
with an explanation of this teim, and it is Aery curious ns an example of the stri- 
king maiinei in Avhicli appaumtly trivial local idioms and customs often illustrate 
the phraseology of the Bible Asking one of the Arabs where the JNIoabite stone 
was found, tho lattei replied that it aa as “ betAA'een the hanthein,” that is, between 
the two luuiths Noav, in Aiabic this wmid Avoiild mean a ploughman, and when 
the author askc'd f'oi a furthei explanation, the Arab pointed out the two hillocks 
upon Avhich the mined Aillago of Dhib.in stands, and between them lay the frag- 
ments of the bioken monument of IMe'^ha Nearly all the toAvns in Moab are built 
upon similar eminences, and the author found that they aie inAariably called 
Hariths by tho Arabs Tho Avord “ Ilaiith” is precisely equivalent in orthography 
to tho hiuciih, or hateseth of tho Bible, and thus, in an apparently insignificant 
idiom, IS seen an unexpected illustiation of the topogi'aphy of the Bible, — an addi- 
tional reason for identifying the modern Keiek AVith the ancient Eir-hareseth (“the 
city on the hill”), and the interesting discovery of a local Moabite word handed 
doAvn from the time of Jehoiani, sou of Ahab, to the present day. The authop 
gave several other cuiious instances of this kind of identification, and descpjbe4 at 
some length the investigations of Capt. Wanen, Mr. Tyrwhitt Drake, and himself. 
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Oil an Acoustic Phenomenon at Jehel Ndgus, in the Peninsula of Sinai, 

By Captain H. S. Palmer, R.E. 

Jebel Nfigua is the name given to a high sand-slopo in the western coast-range 
of the peninsula of Sinai, about five miles north of the port of Tor. The sand of 
this slope possesses the peculiar property of giving forth loud musical sounds when 
set in motion by design or by natural causes. According to a quaint native legend, 
founded on the former monastic occupation of this part of the peninsula, the sounds 
are said to proceed from the ndgiis, or '^wooden gong”*, of a monastery buried 
beneath the sand. Hence the application of the nanjp Nagus to the slope in 
question. 

The sand-slope is about 200 feet high, and 80 yards wide at its base, narrowing 
towards the top , it faces west-south- west. Sandstone cliffs oveihang it, and bound 
it on either side, and an open sandy plain stretches from the foot of the slope to the 
sea-shore, about three-quarters of a mile distant The sand of the slope appears to 
he that from the neignbourmg desert plain, deiived m the first place irom the 
waste of the sandstone rocks, and then conveyed to its position on the hill-side by 
the drifting action of high winds; its grains are large, and consist entirely of 
quartz. The rock in situ is a soft friable quartzose sandstone, of a pale brown 
inside, and weathered externally to a dull dark brown The sand of the slope 
is so clean, and m its usual condition so extremely diy, and inclined at so steep 
an angle (about 29^'^) to the honzon, that it may be easily set in motion by such 
causes as the passage of men or animals across it, falling (Uhis from the cliffs 
above, or disturbance by the wind. Sometimes also movement on a smaller scale 
may arise from an abnormal excess of heat and drought, or from the separation 
of the surface-particles, after then consolidation by ram or dew, on the return of 
heat and the sun’s burning rays. When any considerable quantity of the sand is 
in movement, rolling gradually down over the surface of the slope in thin wa^eg 
an inch or two deep, just as oil or any thick liquid might roll o'seran inclined 
shoot of glass, and in similar festoons or curves, then is lieard the singular acoustic 
phenomenon from which the hill derives its name, at fiist a deep, swelling, vibratory 
moan, rising gradually to a dull roar, loud enough, when at its height, to be almost 
startling, and then as gradually dying away, till the sand ceases to roll The 
sound is difficult to describe exactly , it is not metallic, not like that of a bell, nor 
yet that of a ndgus. Perhaps the very hoarsest note of an /Eolian harp, or the 
sound produced by drawing the finger round the wet rira of a deep-toned finger- 
glass, most closely resembles it, though there is less music in the sound of the 
rolling sand • it may also be likened to the noise produced by air rushing into the 
mouth of an empty metal flask , sometimes it almost approaches to the roar of very 
distant thunder, and sometimes it resembles the deeper notes of a violoncello, or the 
hum of a humming-top. The author found by expeiiment that hot surface-sand was 
more sonorous than the cooler layers beneath , it also seemed to run more quickly ; 
the first experiments on any one part of the slope produced louder effects than 
suhsequent ones. Surface-sand, at a temperature of 103° Fahr , exposed to the 
sun’s full glare, produced the grandest eflect observed, while sand in shade, at 62°, 
was almost mute. By day the heat on the slide is generally very great Move- 
ment of the sand when moist is not accompanied by unusual sounds. Excav ation 
was impossible, on account of the continuous flow of the sand when disturbed , in 
some places nothing solid could be i cached by probing; in others, rock was felt'a 
few inches below the surface, but whether la situ or not could not be ascertained. 
When sand is rolling down and producing sound, there is a distinct vibration on 
the slide, increasing with the intensity of the sounds Throughout Capt Palmer’s 
stay, the wind blew from N.W. ; the effects produced on the slide by wunds from 
other quarters have yet to be obsened Experiments on two other sand-slides, a 
little to the south oi Jebel Nagils, and resemhling it in many particulars, did not 
result m producing any similar sounds. But phenomena of a kindred character had 
been noticed in other parts of the world, as, for instance, at Reg-llavdn forty miles 
north of Cabul, and on the sandy plains of Arequipa in Peru. 

Jebel Nagiis had been several times visited and described, but the author had 

* Used in place of bells in convents of the Greek Church. 
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had better means and opportunities for investigation than those of previous travel- 
lers^ and he submitted this paper in the hope of once more inviting attention to a 
curious and interesting subject. There could be no doubt that the sound arises 
from the movement of the surface-sand, and is intimately connected with the sili- 
ceous character of the sand and its extreme dryness, but the author was not aware 
that any exact explanation of the phenomenon had as yet been elicited from 
scientific men. 


Notes on British Gurhwal. By Capt. A. Pullan. 


The SasJcatchewan Valley. By JDr. Rae. 


On the Volcan de Agm, near GiuUemala. By W. B. Richardson. 


A Journey through Mehran, By Maj'or E, C. Ross. 


On the Toi^ography of Ancient Jerusalem, By George St. Clair. 


On the Himalayas and Cenftal Asia, By Trelawnei* SiUNDERS. 


On Trade Routes between Burnmh and China. By Major Sladen. 

The author explained that the object m view in all explorations undertaken in 
Burmah had been a desire on the part of our Government and mercantile classes 
to ascertain the practicability of establishing an oieiland route from the Bay of 
Bengal to Central and South-Western China. Major Sladen referred to the expe- 
dition which he conducted up the Irawadi a few years ago, and pointed out 
the practicability of navigating this river nearly, if not quite, up to the Chinese 
frontier. At Bhamo, 900 miles from tlie sea, and probably 1000 miles from its 
source, the Irawadi, when full between its natural banks, is four miles in breadth, 
and during a thud of the year or more it might be navigated with the greatest 
ease as far as Bhamo, by vessels as large as any tliat liave ever ascended the 
Yangtsze, from Slianghai to Hankow. By selecting the Irawadi ns a means of 
transit foi piodiicc from South-Western China, and Rangoon as a port of export 
for such produce, the voyage to Europe, both in distance and duration, would bo 
reduced in a correspoding degiee, the expenses of navigation would bo reduced, the 
risks and daiigeis attending dillicult navigation thiough the stiaits of Malacca and 
the China seas avoided, and the heavy insurances at present m foice by reason of 
such difficult navigation would be altogether done away with. 


On the Proposed Ship- Canal between Ceylon and India. 

By Commander A. Bundas Taylor. 

.This officer, having given much attention to the study of Indian hydrography, 
devoted a portion of his papei to an historical sketch of the discussion which has 
been going on more or less during the whole of the present century regarding the 
practicability of forming a navigable passage between the Gulf of Menaar and the 
Bay of Bengal The project of deepening the Paumben I’assago for the naviga- 
tion of large ships did not commend itself to Commander Taylor’s appioval. Sir 
James Elphinstone, as a practical seaman, had peisonally investigated tins channel, 
but had come to the conclusion that it would never do for large ships. But dunng 
his examination of the noighbouihood in concert with Captain Dorman, Master- 
Attendant of Colombo, Sir James discov ered a well-sheltered area of anchorage, 
with soundings of five or six fathoms, extending over five square miles, and thence 
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gradually decreasing to four fathoms about lialf a mile from the Indian shore, 
where the canal’s mouth is proposed to be This harbour lies between Mostapetta 
Point and Moosel islet, lengthways on the plan , whilst its north and south limits 
are respectively at Poonamudum town and Moolee islet, the entrance, in which there 
is now a depth of three fathoms at high water, being about a mile and a half to the 
east of the last-named islet. The anchorage is well protected against the southerly 
swell of the monsoon by the coral islets and connecting reefs, extending from Vali- 
nookam Point to llameswaram. 


On the American Arctic E.vpedition. By Capt. Ward, R.N. 


Exploration of the Headwatei <? of the JSlai anon. 
By M. ArTIIXJR WEllTlIEllMiN 


Captain Oarmei's Expedition up the Camhoja. 

By Colonel Henry Yule, C.B., Ih'esidcnt. 

In this paper the author desciibed the progrc&s of tlic h'leneh Expedition up the 
Camboja rner, which was sanctioned in the end of 180") by M Chasseloup- 
Laubat, then Minister of Marine, and also Piesident of the Ceogiaphical Society of 
Pans The object of this Expedition was to discoier the natuie and lesouices of 
the region in which the Fiench had planted a colony, and also to extend Eiench 
influence in that direction Put few Euiopeans had pioviously ascended the 
river, so that the Expedition had practically a \iigin tudd for (^xploiatioii Tho 
party started from Saigon on the 5th of June, 180(3, and included Cant De la(lrt5e, 
the chief, Lieut CTarnier, second in command and geograplua, Thorel and Joubeit, 
navy suigeons and naturalists, Delapoite, a joung naval ollicer, as aitist, and 
I)e Caind, a young civilian riioro were also four Euiopean soldims and sailors, 
but they weie all eventually sent back, and natives employed in then stead. Pro- 
ceeding first to the neighourhood of Udong, near tlie Creat Lake, as it is called, 
they then directed their course to Cratieh in 12° 28', distant 800 miles from the 
mouth of the river. Here they took to canoes foi the ascent, which was at first 
favourable, but was afterwards rendered difficult bv lapids and cataracts, the river 
being also broken by a vast number of islands Above the cataracts tho channel 
became narrower, and the islands gradually ceased Difficulties with legaid to 
passports were also felt, and a variety of causes lendciod tiavelling backwards and 
lorwards several times imperative Instiiiments also that weie neci'fcsaiy to suc- 
cess, and that had been piomised them, had not aimed, and now, to add to their 
troubles, an insurrection broke out whicli closed the iiver bidow. Jaeut. Gamier 
volunteered to make his way by land to the Delta, wheio it was expected that both 

? assorts and instruments would be found He stalled on the 10th of .January, 
867, and, after a perilous journey, reached the Eiench gunboat stationed on the 
frontier. Tlie passports were found, though the instiuments weie still missing , and 
on the 8th of Eebiuaiy Gamier once more started foi the upper country On the 
10th of March ho rejoined his party at a place called Iluten, in the province of 
Khemarat, having trav'ellcd something like 1100 miles since quitting them This 
fatiguing journey has added a largo and before quite iincxploied tract to the surveys 
resulting from the Expedition On quitting Iluten, tho mei tniiis moie and more 
westward and forms the first immense elbow, hitherto quite unsuspi'cted (running 
east and west for nearly 4° of longitude), in about the latitude of 180° north. As 
far as Vienchaiig, the country traversed by the iiver is an immense plain, rarely 
broken by a few mountain -ridges. A .short distance above Viimchang, the Mekong 
is found definitively shut in between two ranges of hills, and instead of its breadth 
being measured by miles, it is contained in a channel of 500 or 000 yards wide. 
Having ^ot on the borders of the Ava territory, the party found that their most 
serious difliculties commenced. The Burmese officials offered obstructions, and the 
rainy season added severely to the fatigues of the way, while the extortions of the 
natives caused them additional troubm. But at last they reached^Kiang Hung, 
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where new efforts were made to stop their further advance. In October, however, 
they were enabled to start once more for Tsemas, the first stage in China, that 
country to which they had so long looked foiward as the Promised Land. The 
Mekong was here finally quitted. The Expedition had to deviate eastward, and 
came upon the Yuen Kiang, or lliver of Tonking. Gamier explored this river aa 
far as the Anamite frontier, and rejoined his party at Linggan Fi om Linngan-fu the 
Expedition proceeded direct towards Yunnan-fii, traversing a lake-region of great 
interest. On quitting the valley of the Tonking river they commenced ascending 
a plateau of 6000 to 6000 feet in height, on which they found giownng most of the 
fruits and other v^egetable products of Europe They ariived at Yunnan-fu on the 
23id of December, 1807 Thence they set off by a devious coinse (the country 
between being ravaged by hostile armie.s) for Tali, but Capt. I)e la Grde falling 
sick, the leadership of the expedition was given to Lieut Gamier, Dr. Joiibert 
being left in charge of the chief. Thiough a difficult country, by the aid of some 
missionaiies, the party at length reached Tali, but weie soon compelled to leave 
again owing to the Sultan’s unfiiendliness Dy consummate geneialshin and great 
presence of mind Lieut Gamier conducted Ins paity once nioie across tlio fiontier, 
where rumouis of the death of tlicir chief reached them, causing them intimse 
anxiety At length a letter from Dr Joubert confimied the rumouis, and plunged 
them all into the deepest distiess Finally, in May 18(58, they embaiked on the 
great JCiang at Sin-chan-fu, and reached Ilankau in the beginning of .Tune, just 
two vears fioin then departure fioni Saigon Ileie tin*} found once more country- 
men of th(>ir own, a Euiopcan settlement, and me.nis of tianspoit to cany them back 
to their nati\ e land d’he wliole distance ov ei which they trav elled between Giatieh, 
at the liead of tlie JMekoiig Delt.i, and Rinchan on the Tapper Yangtsi'', amounted 
to 24(50 miles, ot v\hich about 1(560 weie peifoiined on foot To this must be 
added about 2000 more in exclusions and digressions by sepaiate membeis of the 
Expedition, and they hav'e suivejed an extent of actual itimnaiv of o\er 4000 
miles in all, besides an immeiiho nunibei of astronomical determinations. 


ECONOMIC SCIENCE AND STATISTICS. 

Address hy Lokd NEAyES, one of the Lords of Session^ President of the 

Section , 

A ni.siiNGUisHED predecessor in the occupancy of this chair commenced its busi- 
ness by declaring it to have been the custom that the piocecdings of the Section 
should bo opened by an addiess, and that that address should be a biief one. In 
complying wuth the tiist of these rules, I shall endeavour, if I can, not to foiget the 
second ; but the subjects falling within tlie juiisdiction of the Section are extensive, 
and coinpiession is always ditlicult, paiticularly to one who like mjself am rather 
a novice in the matters of which I am to treat. 

Economic science is sometimes spoken of aa having- a very modem date, but I 
think that this is an erior. More oi less the subject has entered into all tlie codes 
or systems of law that have been established fiom the earliest times. Alongside 
of political philosophy, which may be considered as peculiarly the science of 
Government, great attention has always been bestowed upon matteis which form 
an important part of political economy, or economic science — sue h as taxation, trade, 
commerce, v\Talth, and population Those wiiteis also who have picsented us 
with ideal or imaginary States, or Utopias, are full of discussions and speculations 
of the same kind. The rival ^llepublics’ of Plato and Aiistotle oiloid abundant 
illustrations of thus statement. It is poculiaily inteiesting to see thus fact bioiight 
out so vividly in the admirable introduction to the ‘ llepubhc ’ of I’lato, prefixed 
to that tieatise in Professor Jow^ett’s tinn^ation of that gieat philosopher, and if 
we had a similar tran.slation and exposition of Aristotle’s kindied work, which I 
think we might have from the hand of one of our own Vice-presidents, to whom 
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we owe 80 excellent an exposition of the ‘‘ Ethics,” we should see in a remarkable 
manner how many of the most interesting questions of the present day were con- 
sidered and dealt with by those two wondertnl men according to the varying lights 
and tendencies which characterized their several minds. It is true that m more 
recent times a great advance has been made in economic science, and one feature 
and excellency of that change is the tendency to leave things as much ns possible 
to their spontaneous operation, and to the inherent laws of nature and society ; 
though here again there has latteily been a reaction. It is to the credit of Scotland 
that she has produced the two greatest loaders m this modern movement — David 
Hume and Adam Smith — ^who are still high authorities on the whole subject, and 
whose principles have been made the basis of much of our recent legislation. 

The subject of Statistics is added to the title of this Section as an auxiliary to 
the mam subject of economic science. 

Statistics and their Fallacies, 

The study of statistics, though not entirely of modern oiigin, has assumed a 
special prominence in recent times. Statistics are certainly more of the nature of 
a means than an end, and their great use and object I take to bo to establish, by 
showing the propoitions or aveiages of results as they actually occur, the existence 
of certain natural laws possessing the character of absolute or general umfoimity. 
But statistics aie liable to hazards, Avhich it is most important to attend to and 
guard against. It is a common jest that there is nothing so fallacious as figures, 
except tacts , and, as generally happens, this jocular reproach has enough of partial 
truth in it to preserve it in vitality Two qualities of mind are employed in statistics 
of very difterent kinds — namely, accuracy in observing and recording facts, and 
wisdom in deducing inferences from them. These two ditlerent faculties must act 
in harmony together , and if they do not do so, fallacious conclusions will inevi- 
tably bo the result Let me give some easy and familiar instances of the fallacies 
that may thus be caused 

In the course of my duties as a judge of the Supiemo Criminal Couit, I hav e occa- 
sion from time to time to find at circuit towns very light or even altogether empty 
calendars, and when there is no case to tiy at all, this is natuially a mattei of 
rejoicing for all concerned, of which the judge has the double benefit in having 
nothing to do, and in carrying oft a pair of white gloves Lattinly, however, 1 
have been led in such cases to make the remark to the local authoiities, that a 
light calendar was not an unequivocal sign of a satisfactory state of things in a 
district, for that lesult miglit arise in two ways — either from no ciime being com- 
mitted m the locality, which is a just subject of congiatulation, or fiom few or no 
crimes being detected and brouglit to justice, though many may have been com- 
mitted, which IS a very deplorable condition of aflairs. This consideration. I am 
glad to say, vvas not called forth by any thing in the state of our criminal police in 
Hcotland, but was suggested and illustrated by the condition of matters in another 
part of the United Kingdom, where there wjus no want of crime, but it otten led 
to no prosecutions, from the inability of the law to lay hold of the perpetrators, or 
to find evidence to prove their guilt. Nay, a deeper fallacy may sometimes lurk 
under judicial statistics of tins kind. It lias been said, I fear with truth, that in 
certain parts of the kingdom the very absence of some delinquencies of a special 
description is the result of ^ complete subversion of legal authoiity. Agrarian 
crimes are perpetrated there in order to punish or deter those who exercise their 
legal rights as to land ; and when this system of terrorism is complete, the crimes 
cease to bo committed, because the evil oiganization has attained its object, and 
does not need to be practically exercised, as no one dares to disobey its lawless 
mandates. The reign of terror is thus established by paralyzing the exercise of any 
freedom of action which might incur its penal denunciations. A worse state of 
Society than this can scaremy be imagined, where lawlessness is enthroned and 
wholly supersedes the law. 

Aiiother example of fallacious inference from judicial statistics may be derived 
from the history of our penal legislation. Until the middle or latter half of last 
century, the proprietary feelings of the country, and specially, perhaps, of the urban 
trading classes, incited Parliament to pass severe laws for their protection, which 
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often afRvocl to violations of property a capital punishment. Tho number 

not only of robberu's but ot thefts^ which weie then capitally punishable, is almost 
incredible to us of the present g’cneration , and can now excite only our horror and 
amazement. I would rcfei you liere to an admirable paper on this subject by 
Johnson, being; No 114 of tho Mlambler,’ which gives an account of the toolings 
that then prevailed and the system that was followed. The paper, which is most 

} )owoi fully wiitten, deserves peculiar praise, as being the commencement of those 
iiimano and wise elloitsfoi the anielioiation of the penal law tliat were afterwards 
renewed and biought to a successlul issue by the perseverance of Eomilly and tho 
piactical sagacity of IVcl Dr Jolinson says* — “It has always been tho piactice, 
when any pai ticular species of robbery becomes prevalent and common, to endeavour 
its suppression by capital denunciation. Thus one generation of malefactors is 
commonly cut oil, aiul their successors are fiightened into new expedients The 
art of tliieving is augmented with gieatm* vanety of fiaiid, and subtlised to higher 
degrees of dexteiily and moie occult methods of com eyance. The law then renews 
the pursuit in the heat of anger, and overtakes the oilender again with death. By 
this practice, capital inflictions aie multiplied, and crimes, veiy diffeient in their 
degrees of enormitv, aio equally subjected to the seveiest punishment that man has 
tho power of exei citing upon man.” 

Now, in this state oi things, there is little doubt that after every new application 
of capital punislnnent to a ciimo that did not previously infer it, there might bo 
a diminution of piosecutions on that head, and the public were tlius, perhaps, led 
to think tliat theft and lapiiie had in this way leceived a clieck. 3lut experience 
and reflection soon suggested another explanation, which is tlius pointed out in the 
paper I refer to — “ All laws against wickedness arc inefli'ctual unless some will 
intoini and some wull prosecute , but till w*e mitigate the penalties for mere viola- 
tions of piopeity, information will always be hated and prosecution dreaded. The 
heart of a good man cannot but iccoil at tho thought of punishing a slight injury 
with death, especially wdien he remembers that the thief might have procured 
safety by another ciime fioin which hewms restrained only by Ins remaining virtue.’^ 
In connexion with this last consideiation, Di. Johnson liad pi eviously urged that 
tho terroi of death “.should be loserved as the last lesoit of authority, as tho 
strongest and most opeiativ*; of piolnbitoiy sanctions, and placed before the treasure 
of life to guaid fioni invasion v\ hat cannot be lestoK'd. 'fo equal robbery with 
inuider, is to leduce muidei to lobbeiv, to confound in common minds the grada- 
tions of iiuquitv, and incite tho commisuon of a greater ciiine to pi event the de- 
tection of a h'ss If only inuider weie punished by death, veiy f(‘vv robbeis would 
stain their hands with blood, but when liy the last act of cruelty no new danger 
is inclined, and gieatm si'cuiity may bo obtained, upon what piinciple shall wo bid 
them foibear ” This lemaikable papei, written, be it obseived, in tlio year 1751, 
concludes with the following cliaiactciistic seiifenti's — “Iliis scheme of inyigora- 
ting tho laws by lelaxafioii, and cxtii paling wickedness by lenity, is so remote from 
common ])iactic(', that I might K'ason ibly feai to expose it to the public, could it 
be suppoited only by iny own obsoivations I shall therefoie, by asciibing it to 
tho authoi, 8ii Thomas More, endeavour to piociue it that attention which I wish 
always paid to piiidetice, to justice, and to mercy “ AVe may thus see liow moie 
numeiical statistics m such question,, may .speak on ambiguous language, and that 
the paucitv of pios{'Cutions may be a pi oof, not of tin' wisdom, but of the inefhcacy 
of our legislation, for while it is doubtful how^ lai ciiminals, oi at least habitual 
ciiininals, aie deteried by capital piinisliment, vvhicli they come to look upon as tho 
foituuo of vvai, tlieio is no doubt that undue seventy disinclines iniuied parties 
from taking steps to bring down on the delinquent vvdint is consideictl as an e\or- 
bitant penalty. I may heie, pcihaps, suggest a question wdiethei oiu countiy of 
(Scotland was not saved from such evils pailly by the institution ot a public piose- 
cutor, and paitly by the anomalous, but convenient power which ho possessed of 
restiicting tho pains ot law, when they vveio capital, to an aibitiaiy punishment 
a resource which was likely to render juiies less unwilling to convict than they 
might otherwise have been I should liiimtion that a protest against the seventy 
of the penal laws as to property was uttered by an earlier opponent ot the sv'steni, 
thoimh one not so dismteiested as Dr. J ohiisdn : I mean the w idow of the treebooter 
1871. 
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Gilderoy, or whoevor it was that wrote the Lament bearing that name. The verse 
I refer to luiis thus, and is expressed in very good “braid Scots’’ and very fair 
metre : — 

“ Wae worth the loons that made the laws 
To hang a man for gear : 

To reave of life for sic a cause 
As stealin" horse or mear ' 

Had not their laws been made sae stride 
I ne’er had lost my joy , 

\Vi’ sorrow ne’er had wat my cheek 
Por my dear Gilderoy.” 

There is another matter of a different kind on whicli the language of statistics 
is also ambiguous The relations of the sexes constitute a most important branch 
of economical science, and in no point is infoimation of more value than whcie it 
refers to female puiity or to the circumstances aflectmg marriage. We hare now 
geiieiall^y in our registers a good enumeration of the legitimate and illegitimate 
births that occur among us, but I wish to point out some of the ha/nuls or uncer- 
tamties by which these are surrounded In Scotland, ns a whole, tliere is un- 
doubtedly a consideiable piopoition of biiths that are illegitimate ; but the propor- 
tion vanes much in different localities. Ten per cent is not by any means the 
highest propoition , but let us suppose two distiicts, A and II, wheie the pioportion 
is much smaller, say 5 per cent, in each What does this indicate? It may pro- 
ceed from a greater degree of moral puiity, as fewer examples of unman led cohabi- 
tation will, of couise, dimmish the number of illegitimate biiths. But the small 
proportion of those births may possibly be produced by a totally opposite cause ; 
for it IS equally ceitain that extreme licentiousness of morals, and ('.specially any 
professional piofligacy among women, has a tendency to dimmish the number of 
childien boin. iSo that district A, with a small percentage of ilh'gitimate births, 
may be a lery moral district, and district B, with tlie same small peicentage, may 
bo full of prostitutes and other dissolute women, who, fiom that very character, 
seldom or never give birth to children at all. 

I mention these fallacies in statistical studie.s, not with the view of disci editing the 
science, but in order to show the necessity of looking below the suiface, and of pausing 
m 0111 deductions till v\ e aie sure that v\c hav e all the necessary mateiials forjudging 

The subject I have just touched upon is intimately connected with the habits of 
a population as to the contracting of maniage. Early inaniages have necessarily 
a tendency to check illicit intei course, and arc often encouraged with that view. 
The Catholic clergy are supposed to recommend, if not to enforce, such marriages 
with a view to tlie moral purity of their flocks But it ought to be remembered 
that the remedy involves other evils of its own, and it may be suggested that, if 
female chastity can only be pieserved by the marriage of young persons wlien little 
better than childieii, this is not a very high tribute to the prevalence of good piin- 
ciples, nor a result that is a just subject of pnde. I suspect, indeed, that other 
ecclesiastical bodies be'iides the Catholics have the same tendi'ncy to encourage 
early marriages A Presbyterian minister in Ulster told me that in the first 
marriage which he celebiated in his congregation, the united ages of the parties 
wx're under .‘ 10 , and he baptized a child for them a year aftervvaids No gi ('at good 
can come of a system such arthat, paiticularly if It be accompanied, as it often is 
in Iri'lnnd, with a further subdivision of the paternal farm for the support of the 
young couple. A healthy opinion in a people to discourage early mariiages, and 
at the same time to enforce good moral concfuct, is a manifest cause of prosperity ; 
and it IS f-aid to explain in a gieat degree the thriving condition of the Norwegian 
p('a«antiy. But aitificial restraints on marriage, without a high standard of 
11101 aU, do no good. In Bavaria, it seems, from local and partial interests, various 
legal checks are imposed upon mariiages. But, as has been said, “ they do not 
care to check concubinage ; and thus the number of illegitimate biithS in Munich 
is nearly as large as that of legitimate.’’ 

Bciluctions from the Itcf/tsti co 's Returm. 

Tn connexion with this subject, I feel called upon to say that I consider oh!' 
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Registers in Scotland to be, generally speaking, in a most satisfactory state, parti- 
cularly in the important department of Vital statistics, as to which the reports of 
the Ilegistrar-Geneinl, embodying the repoits made to him bv Dr Stark, contain 
reliable infoimatiun of the most interesting and impoitaiit kind. One singular 
result that seems to ha^e been established by the tables there given is, that at 
every quinquennial period of life, fiom 20 years of age up to 85, married men die in 
Scotland at a much lower rate than immariied men Sometimes the difference is 
very gieat, particulnily between 20 and 45, up to which peiiod it approximates to 
as high a rate as 2 to 1, but after that, the diffeieiice, though less, is still very 
consideiably in favoiii of the maiiicd men The subject is more complicated aa 
regards women, fioin obvious causes ; though heie, too, maiiiago seems to bo the 
more favouied state As regards both seves, the advantage on the side of marriage 
IS easily accounted for up to a ceitaiii point (baieially speaking, those who marry 
are likely as a class to be bettei lives than those who do not The unmairied will 
infallibly include a gi eater number of sickly or diseased constitutions than the 
inanued class Without piofessing luvselt an implicit believer in Darwin, I acknow- 
ledge the tiuth of several ot Ins statements in his ^Descent of Man,’ as to what 
he calls yexual selection As a general rule, the attachments that lead to luamago 
will be piompted by con‘?ideiations that aie intimately connected with health and 
stienglh. Good looks, cheeiful teiupeis, and buoyant constitutions aie great 
attiai tions, and those who aio wholly devoid of these, as w^ell as those who are the 
victims of positive bad health, will often be excluded fiom having tickets in the 
matiimomal lottiny. ISO doubt causes oceui not unfiecpieutly which disturb these 
natuial tendoncu"'. Some of tliese cau'^e.s aie allowable or laudable, otheis aio the 
yevcT^e. In a icov cases aflection leading to mariiage may be in^piied by great 
vntue, or gic'at talent, oi high accomplishments, though not associated with health 
or stiength In othei cases, connexions mav' be foimedthat nie wholly unconnected 
witli love — as where rank, or wealth, or influence may overcome the natural repug- 
nniKo excited by did'ormity or disease Diuiis, 1 think it is, that says — 

“Do n lassie lU'Vr sac black, 

]f she hao the penny siller, 

8et her upon Tiniock tap — 

Tlie wind will blavv a man till her.” 

iStill, as a general lule, both men and womcm who aie mauled arc likely, oil an 
aveiage, to have moio health and vitality than those who icmnin single. As 
regarcTs the male sex, again, thosi* of them that aio of dissolute habits or unsettled 
and thiiftlcss dispositions, are not so likely to many as those who aie oideily and 
well-condiu ted, and iii tavoiirablo eii'ciimstances of lile. Diit aftei making allow- 
ance fc>r tlu'so elements, it still a])pcais that Ibc chudb-iato of maiiicd men is at all 
penods of lif(' lovvei than that ot the unmanu'd Tins can be accounted for only 
on the footing that niaiiiagi' is favouiable to henltli, by conducing to remilai habits 
of life, and bv giv ing iiat ui al scope to t lu' donu'stic alleetions, It cannot bo doubted, 
for mstaiico, tlmt an old man who lias a wife to take cnie of liini, will be much 
bettei looked iiftc i than if be lived alone It is not m'cessaiy in adcqiting this view 
to suppose that the mariied life is to be wholly liee fiom soiiovvs, cares, and 
anxi(‘ties Dven these aie not always prc'juclicial to health , and we aie, pcuhaps, 
the bettei foi them when they aio wcdl encounteicd Neither is it essential that 
tbc' matiimomal ciiiiciit should alwayas mil a smooth couiso IMost of us, probably, 
would agiee with the view taken by Daleyy who, w'^hon an old cleigynian at an 
episcopal clinnci assented that he had becni nuuiied tor foity years, but bad never 
had a dilfcience with bis wife, obsc'rved (piietly to the bishop that ‘At must have 
been very flat ” An occasional iipple will occur in all water, unless it bo frozen 
over, and perhaps after inariiago, ns wcdl as before it, there may he truth in tlio 

maxim, “Amantiuni iro3 anions reclintegratio.” 

In refeiiingto this matter it has occuiied to nio to consider whether, if the lower 
death-iate ot niairiod persons is an ascei tamed fact, this may not partly account fof 
the general .success of Life insuiance oflicc'S when well conducted. It is clear that 
an oflice liaiwac ting on the usual calc illations of moitality , has nclvaniagcs of various 
kinds. Ill paiticular, its medical examinations, which are a most important part 

13* 
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of its constitution, exclude hazardous lives, except, at least, at extra premiums. 
I’lie rank of life, probably, of parties effecting insurances may also benefit tlio ofUce , 
but if married men are to a certain extent to be considered as selected lives, this 
also, I should think, must tell in favour of the office, as I presume that, from family 
reasons, more mamed men effect insurances than unmarried men. 

In general, of course, it is impossible to derive any good result from statistical 
facts or apparent coincidences except by compaiison. A high official person con- 
nected with Scotland was summoned before a Committee of the House of Lords to 
give e\ idenco in connexion with the new Divorce couft proposed for England, and 
was asked whether, in his opinion, the facility of divorce existing in Scotland was 
unfavouiable to the morality of married persons there. The judicious answer was, 
“I have not sufficient experience of thecompaiative morality of mamed persons in 
different countries to bo able to give an opinion on that question.” 

Matters not yet Reduced to Statistics. 

The subjects to which statistics may bo extended seem to be innumerable, and 
new ones aio cropping up every day. In the pages of ‘Natiiie’ theie lately ap- 
peared a letter of a somewliat curious kind, winch may perhaps engage the attention 
of our fellow-associate member Mr Tyler. The suggestion m that letter was that 
the degree of civilization existing in any coiintiy is connected with the quantity of 
Soap there consumed. The writer gave as a formula the equation ot 



sc being the amount of civilization inquired for, S being the soap consumed, tjpid P 
the population consuming it ; so that the amount of civilization depended on the 
propoition ot S, tlie numerator, to I’, the denominator It S is large in propoition 
to P, then the civilization is gieat, and i ice t end How the civilization ot Scotland 
in the olden time would come out according to this test I shall not inquiie , but if 
there is any tiuth m the proposition, it gives additional relevancy and interest to 
the question which is sometinies v ulgarly put by some people to then friends as to 
how they are provided with that commodity I hav e not yet seen any tables 
framed upon this pimciple, but I have no doubt that the licgistrar-Qoneial will 
keep it ill view. 

An inquiry of a more seiious nature, and indeed pcculiaily important and impres- 
sive, is connected with one of the most remarkable phononiena in human nature — 
I mean the occasional appearance m tlie woild of imui of gi'eat genius From time 
to time men have arisen whose mental powers have far transcended the ordinary 
standard of human intellect, and who have ther('by been enabled within tlie space 
of a single life, and by the efloit of a single mind, to give an impulse to science and 
discovc'r^ which they could not have leccuved through long generations of aveiagc* 
mediocrity. Whc'ther this singulai boon and blc'ssnig to mankind can be tracc'cl to 
anj law is a natuial but mjsterious inquiiy. Some pc'rsons have consideued the 
pioduction of excc'ptional genius as quite an insulate'd fact, and Savage Landor 
declaied that no great man had ever a great son, unless Philip and Alexandei of 
Maceclon constitutcMl an exception. Mr Galton, however, m his inteicsting vvoik 
on ‘ Ileieditaiy Genius,’ has encleavoiiied to prove that genius luns in families, or, 
at least, that men of genius have genc'rally sprung from a stock where great mental 
power IS conspicuous, and he adheres to the view commonly taken as to the 
importance of the maternal character and intluence in the foimation of genius I 
do not venture to give any opinion upon Mr. Galton ’s theory, but his book contains 
an important collection ot facts bearing on the subject, and a great deal of curious 
collatcual speculation. Mr. Galton attiibutes great powc'r m many ways to tho 
piinciple ot hoediti/, as it seems now to be called He does not, indeed, go so far 
as tho lush statist, wlio, as mentioned by Sidney Smith, announced it as a fact 
that sfcnlity was often hoeddaiy, but he states that comparative infertility is 
transmitted in families, and adduces as a remarkable example, a fact not geneially 
known, if it be a fact, that in the case, that frequently happens, of Peers mariyiiig 
hen esses, tho family is apt to die out very soon, the heiress being natuially, in tho 
general case, an only child, and bequeathing to her descendants a tendency to pro- 
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duce small families, which do not afford the usual chance of a numerous supply of 
descendants. Whatever may he said of some of his othev opinions, I hesitalo to 
concur with Mr. Galton in his pioposition, that as it is easy “to obtain by caiefiil 
selection a breed of do^s or horses, gifted with peculiar poweis of running or of 
doing anything else, so it would be quite piacticable to produce a liif>lily gifted 
race of men by ]udicious maiiiages during several consecutive gvneiiitions ” I 
doubt gieatly the practicability of such a plan, and suspect theie aie some 
elements m human natuio that would coimteiact it Pei^ons of pioud family 
descimt have often a honor of mesalliances, but I scaicely think it would be 
possible to inspiie people of genius with the same esptit de coips or desiie to wed 
with those on a pai with their own eminence. Men of genius do not seem to mo 
apt to fall in love with women as clevei as themselves, and I rathtu’ suspect the 
tendency is to look for some diffeience of charactei, an instinct of which it is the 
object, 01 at least the lesult, to keep up the aveia<^c of talent lather than to multiply 
the highest forms of mental povvei At any into we iiniy lieie ask poor l*olly s 
question “(Ian love be controlh'd by advice^^” and liowevei we may m othei 
respects agiee with Horace’s mavini, “b'oilescieantui foitibus etboni'^,” I question 
wliethei a high mental stature could be maintained by coupling imile and leiiiale 
genius together, oi whethei the evpeiiment might not lad as signally as it is said 
sometimes to have done with Fiodeiic William’s attempts to bleed grenadiers I 
stienuously advise, howevei, that a man lage with a fool of eitlicr sex; should be 
always consideied as a mesalliance, and I would paiticulaily warn the ladies against 
sueh'a step, taken sometinu's, it is said, m the hope that tlunr &wa> may in that 
way bo moie easily maintained. A tool is as ddhcult to bo goveinod as a niido, 
and the couplet, 1 behove, is stiictly true, that sa}s — 

“ Wise men alone, who long for quiet lives, 

Wise men alone are governed by their wives.” 


Economic Lmvs 

Ivcaving tlio midtifaiious field of Statistics, and reveiting to our leading subject 
of Economic science, or vvliicli iiiav seem a .synonymous term. Political economy, it 
omluaces specially the study of those iiatmal laws winch have lefereiice to the 
Wealth of nations d'his is peihaps its pioper chaiacter as a science , but when 
those laws aie asceitained m their natmal opeiation, piactical questions nii'^e of 
gieat difticnlty for the determination of any Goveimnent desirous of piomoting, not 
merely the wealth, hut the welfare of a nation How fai in paitu ular are those 
laws to bo lett to tlicir natuial and spontaneous opeialion oi, how fai aie they to 
be modified eitliei by limiting oi by .supplementing their opeiation Eoi example, 
fiecdom of tiade and freedom of coiitiact are, as a geneial lule, the best means of 
piomoting activity and piospeiity m the depaitments with they aie conceined. 
Put it can scaicc'ly bo mamtaincd that tins ideal fieedom is iievei to be mliingcHl. 
1 do not nieiely lefei here to the protection which may be ailorded to poisons under 
age m leference to their treatment, or to the manner m which they may bo em- 
ployed In the eye of the law as well as of reason, a coiitiact as to the employ- 
ment 01 seivicos of a poison m nonage is in reality no oontiaet at all An iniant 
or minor cannot coiitinit, and any contract that may be made in Ins name by any 
guardian, or even by a parent, in eveiy countiy' vvheie law is established, must bo 
subiect to levision A ciuel or injurious coniiact as to a child’s hiboui must bo 
capable of collection and iepre«sion, just as any bodily outinge indicted upon a man 
would infer punishment and restiaint lOven with persons of mature ycais the 
geneial and bc'tter opinion seems to be that cei tain classes of the ronnnumt v lequno 
to be protected by lestiictions on the fieedom of commeice oi coiitiact Long ago 
this system extensively pi availed, and vciy high and coinpieliensive ideas existed 
as to the pateinal duties thus incumbent on Govcimnent Let us take two in- 
stances of this kind, wbiclf may be placed, to some extent at least, in contrast with 

each other. „ ^ ^ ^ 

The history of the Usury laws is well known. Originating in a priniitivo idea 

that lilt eiest "upon money was unnatuial, those laws kept up pi olnbilioiH against 
the amount of interest that could be stipulated, with a professed view to tlie pio- 
tection of needy borrowers against extoitionate leiideis. It was not till ibo year 
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1787 that there issued from the wilds of Russia a voice in defence of Usury, which 
proved to all thinlnn^ men the falsehood and folly of the ovistinjj system j but it 
was still many years before the wise views of Bontham on this subject wore carried 
into practical effect. 

The Ti ticL System, 

Take, on the other hand, the case of what is called the Truck System. There 
is nothing in abstract leason to pi event master and servant, employer and woik- 
man, from agreeing, if tliey please, that the reniuueiation shall consist paitly in 
the supply of food or fuiiiishings iMaiiy con ti acts for woik oi sen ice piocecd 
expressly upon that footing, and could scaiccdy be arianged on any oLliei But 
the fraud or unfair pioceedmgs to wdiich the truck system so often leads, the op- 
pressions and exactions olten invohedm it, the overwlielining powei ot the masters 
or their manageis in working it, and the helpless condition to which it i educes 
woikmen and their families, are such that public opinion seems so powei fully di- 
rected against it, that the law's foi repres^iaj^ it aie niOiO likely to be tightened 
than relaxed. Whether the wankmeu wull e\ei b(' so liee and iiulependent as to 
dispense wnth protection, or whether a iK'althy and high feeling of silf-iospect and 
honour wull prevail among masteis, so as to place under ban th()>e of their number 
who use or abu^e this system, aie mattius of wdiieh I am incompt'tent to jiidpe , 
but I fear that ten a long time some le^tiictions will be m.iintained The c'xisting 
condition of things is most unsati^factoiy , for the Act seems to he constantly 
evaded, and all ceasions of statutoiy legulatioiis aic moiallv, as wadi as economi- 
cally, mischievous The be^t leiiiedy is, it possilde, to diminish the iinpiov uhaico 
of W'orkmen, for, m most cases, if the woiknian has enough in hand to li\e with- 
out advances befoie pa}-day, he is piactically independent of his master IMaimeis, 
I may add, seem by common conMuit to be alwa}^s floated as childieii of a laigc'r 
giowdh, and piotocted accoidingly The ciiteiion aftiu’ all nui'-t always bc' the 
majKs honum 

The Tiuck sjatem is a teini commonly u-ed to denote the aiiaiigement by wdiich, 
diiectly or iiidiiectly, woikmen aie compcdled to take payment ot then wages, or 
of advances made to them on then wage's, not in monc'v, but in goods tiirnihlied 
from the eniplojeis’ store's oi shops Jhit the same name has been given to a sys- 
tem that has long pievailed in Shetland, by which the dealings of many classes 
(tenants, fisheimen, and wmikcns of diileienl kinds) me c'airied on by wmy of baiter, 
with little oi no use of moiicv d'his is a diileient soit of system from the oidi- 
naiy method of tiuck between master and seivant, and one which, in my humblo 
opinion, IS still more dillicult to deal wuth. The modus opeiandi may be gc'iu'ialiy 
understood bj a few illiistiations The iSlietland faimc'i is, in the oidinary case, 
possessed of no capital, <nid seldom pa\s his lent in nionev lie is unable pio- 
bably to suppoit himself by any indepc'ndent means until his small ciop is leaped, 
or the pioduco of his faini leady to be leali/ed lie is consecpu'iitly obliged to 
seek assistance in the meantime by obtaining advances from somcj rpiaiter oi other. 
He IS also, as a geneial itile, a tisherman on his own account, but having no capital, 
he 13 obliged to run in dc'bt foi his boat, oi hisshaieofaboat, andag.iin he is obliged 
to lesoit to others to support himself and his family until the pioiits of his fishing 
can bo leali/ed The employment of fishing is notoriously a precaiious one, and in- 
troduces into his condition aiyjh'inent of chance and iisk thatopeiates povveifully to 
allect Ills dealings It is not easy for a paity in such ciKunistances to obtain ad- 
vances or imnishings wheio these can only be accoided to him upon doubtful credit 
and at consideiable hazard The consequence has been that, lor an immemorial 
peiiod, the Shetlander has been chionically a debtoi to otheis, as iidieimen com- 
monly are, and not unnatui ally the paity with whom he has to deal has come to 
be the piopiietoi of the land, or his f.ictor or middleman What might be done 
by a good or generous creditor in such circumstances, I shall not attempt to con- 
jectuie, but geneiosity is not a mercantile 'viitue, and i?a dealer tiies to make hia 
own pioht as great as possible, and still nioie if he is a giecdy and unsciupnlous 
man, the poor .Shetlander is m a bad way. The dealer has him gieatly in his 
power, both as to the quality and as to the nominal price of his goods, and no 
doubt much injustice may be done in this way Another featuio comes frequently 
into play. The femaloa of the Shetlander’s family occupy themselv es m knitting 
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those delightful shawls and articles of hosiery with which we are acquainted, and 
these the women carry to certain dealers to dispose of, but here it is alleged, truly 
or falsely, that, by ways and means, these workers are induced almost invariably to 
take payment in goods consisting in great part of gay cotton punts, showy iibbons, 
nnd other articles of female dress or iinery, not always well adapted eitlier to their 
position or to their humid climate. Another favourite commodity fur winch their 
worsted woik is exchanged is tea , and it is well known that high-pi iced tea is the 
great temptation which the Shetland women are unable to resist, tea-totalihin m 
Shetland being often as much of a vice as it is thought a virtue elsewhere \Vlieii 
the dealers with whom the family has to do are all connected with the landlord or 
the land, the case becomes extremely complicated, and a further cause of mischief 
arises, the Shetlander seldom oi neM'r has a lease, or will accept ot one, and is 
thus under the constant fear of being ejected if he thwarts the proprietor oi his re- 
presentatno in any of his transactions. It thus happens that a Shetland family 
may be ludustiious in all its blanches — farming and tishing, and knitting to tho 
best of their ability, and yet will be constantly behind hand, dependent upon their 
superioi, and never peihaps handling a pound note fiom year’s end to >e}ii’s end. 
The dealers, on the other hand, are said to make largo profits, at lea-^t at tmieb , but 
whether on the whole they are great gamers it is not easy to tell, as tho slate of 
their transactions has never fully been biought to light. I am tar liom saving that 
all, 01 even the majoiity, of the landownoia are mixed up in those transactions ; 
but the sjsteni is so well (‘stablished that it is dilHcult to keep fiei' ot it. This is 
ceitumly not a veuy good state of things It has been said that the very boys when 
they begin to woik loi wages get no money, but aie supplied with clothes, im hiding 
specially a coat to go to cliiirch in, and thus they got very eaily into tho mer- 
chant’s books, so that perhaps it is not mucli of an exaggeration to say that a tSbet- 
landc'i IS undei taielc tioni liis cradle to Ins coffin. Much clamour and complamt 
have been excited by these pictures, and loud demands aio made for stimgent 
and special legislation It is quite light that full inquiry should be made into the 
facts , but I confess I have little hope of seeing the evil cuied by Act of Pailia- 
meiit. It would be piepobteious to enact that no tenant who was staiving should 
be assisted with advances except in money, oi that no giil should exchange her 
woollen manufacture for a cotton punt , noi, m like mannei, would it be piac ticablo 
to say that a tenant sliould not pay his rent m cattle or in fish The ev il lies deeper 
than this, vi/ , tliat the Shetlandeis aie tiying to caiiy on tho husiuoss of farming 
and ot fishing without tlio necessary moans. If the steed has to wait lor his footl 
till the glass grows he will piobably starve , and so will the farmer come to guef if 
ho has not something laid by to live upon between seed-time and harvest It is 
the po'^session or the want of the capital that makes the great ditleience betwi'en 
mantel and seivmiit, fanner and labourei d’ho man who cannot wait till tho 
flints of his laboui oi indiistiy aio lealizod, ought natuially to be a seivaut, and 
ought to receu 0 wages oi siippoit independently of uvsulls, hut in so doing he 
must forego the light to daim those piolits which aie to compensati' loi iisk and 
dela> II tho fanner or tishei insists on going on on his own account without any 
means — and it is plain that the yiietlandei’s feelings oi habits an' adveiso to Ins 
becoming a servant — it is certain that he must become a boiiowei, and ho will not 
got aid fioin any lender without ample remuneiation That lemuneiation may bo 
got either by chaiging high interest, or, as they do in Shetland, by making their 
advances in such a form and manner as will yield them a mercantile prolit This 
system has been so long established m Shetland, that the people are m a gic'at 
degiee leconciled to it, and its extiipation seems scarcely possible I think that 
if I w'eio a resident Shetland proprietor, I would rather let the system go on, but 
endeavour that it should be so admmiblered as to do lustice to both p.iities, in tho 
hope that by degrees a spint of iucb*peiidenco and fair dealing might grow up I 
must say that I am very incredulous of any dealeis getting, in this or in any other 
way, ail exorbitant prolit in the long run For if that were the case, competition 
would bo evoked, and one dealer would bid down or bid up tho market till it 
reached a fair late or return. 

Paiipe) ism, 

I should regret if this Meeting should pass away without something being deme 
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to bring before us in a precise shape the comparative principles and practical ope- 
lations of the poor laws in England, Scotland, and Ireland — a subject undoubtedly 
of great mteiest and importance In connexion with the subject of paupeiism, one 
of the most important elements for consideration lelates to piivato chanty. It is 
certain that an enormous sum of money is annually distributed in tliat way through- 
out the lungdoni, and it is equally ceitaiii that the good done bears little propor- 
tion to the amount gnen It cannot bo too much inculcated upon mens minds 
that the givers of indisciiminate charity aie piactically to be classed among the 
most mischievous enemies of the poor. The direct tendency of Avhat they do is to 
tempt and encourage the poor to become hypociites and impostors, to paialyzo their 
industry, and to undermine their self-iespect and self-i chance It is false to call 
such expenditure by the name ot chanty A gieat deal of it doubtless pioceeds 
from feelings of tiue beneiolenco, but how much of it is prompted by other 
motives ^ The de-'iie to do as otlior'=( do, the vnh to a\oid the unpleasant sight 
of distress, leal or appaient, the inability to icsnt iinpoitunity, the supeistitious 
idea that it is a duty to give a poition of our means in the mime of alms, without 
regard to the ellect produced, ]ust as the Phainec's weie sciupulous to pay tithes 
down to the lowest article Ihotestants are in the habit of repioaehing Catholics 
■with the impoitance they attach to mere goodwoihs, but that fault is not ton- 
lined to Catholics, but is deeply seated in human natuie The faK(' notion of ex- 
piating sins, or of propitiating ))i\iue favoiu by some self-siciifice that is peihaps 
easily made, pre\ails in all s('cls A stoiy ivas euiient some tinu' ago of a man 
belonging to a leiy anti-Catholic sect, who had biaome rich by leii questionable 
means, and wdio, when on his death-bed, ad^ed his ininistei whether, if he gaie 
£10,000 to the chinch, it would impio\e hm pio-'pects in the othei woild. 'flic 
cautious and coneiliatoiy answer was, that it was impossible to guaianttn' any such 
matter, but that it seemed an expeiiment well woith tning No sudi libeialityq 
whether in one’s life-time or on death-bed, d(‘K'i\e^ the name ol <*haiity Tlnne 
can be no chanty unhess theic is the desiic to do good to the lei ipnoit , and there 
can be no enlightened chanty that docb not seelc to cany out that ivish in the light 
way, by making caieful inqmiy as to the ciicnm.slanci's in which the boon is be- 
stowed, and the effect which it is likely to ha\e It is not an easy task to accom- 
plish this object, but I am glad to see that on all sides measuies aie being taken, 
by the help of associations and otheiwise, to assist bene\olent pei.'Oiis in wnsely 
and intelligently canying out their news Tavo great consideiatioiis aie here to 
be looked to — the real destitution of tin* paifies to Avbom chanty is g-nen, and the 
caution that confines it mainly to casual and extiaoidinaiy causes ol disfiess, and 
does not establish any rcsomce on which the pour can icl^, so as to dispt'iiso wifh 
ordinal y and necessary piudeneo on their pait. 


On Sanitary Measures for Scottish Villages. 

By Colonel ISir J. E. Alexandek, K G.L.S.^ F.Ii.S E, 

Within the last forty yeais there has been a gradual improyement m many Scot- 
tish villages, which by the absence of attention to the outward and visible snrns of 
cleanliness, exhibited great cardessness in sanitaiy measuies. Manure-heaps are 
still, no doubt, not far off fiom the cottages, but it is the business of the samtaiv 
officers to see that they and pigsties are not close to doors or Avmdows Some ot 
our health officers aie firm and do tlieir duty, and insist on attention to sanitary 
rules, others again wink at iiregulaiities, and favour paiticular paities to the in- 
jury of their neighbouis. Tliero is still a vast amount of igiioiance botli as to the 
necessity for pure air and water to insure good health to the commiimfy. 

In visiting the cottages ive still see occasionally that fey er-c best called a box- 
bed,” in which at night a father, mother, and tyvo or throe children may be 
found, with the air poisoned by their breath. We still see m many cottages win- 
dows built into tlie Avail, and quite incapable of being opened Landloids slionld 
endeavour to remedy this evil, as it costs little to make an ariangcmeiit foi adniittiii''- 
ftir through the natural channel— the Avindow, How can we expect to find health 
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ill a room sometimes without a fiieplaco, with door and window closed, and no 
cuiient of air through it ? 

The autlior desciibcd some of the habits of the cottageis, and noted the im- 
provements which are to be obseived in the tidiness of their dress, and in other 
lespecta. lie advocated the piomotion of the taste for music, and iiisti action in the 
pimciples of hygiene in village schools. 


On some Maxims of Political Economy ns applied to the Employment of 
Wo men, and the Education of Girls, Bp Lydia E. Lhciijnt. 

In regaid to employments common to both sexes by which poisons gam a liveli- 
hood, one lulo IS of almost miucisal application, that when men and women are 
engaged in the same occupation, the remuneration of women is ii\ed at a lower 
lato than that of men In some cases this aiises fioni actual superioiity in men 
as men for the woik, m otheis tioni the supeiioi achantages m tiaming which aio 
aibitiaiily gnen to men In the Stalloidshiie pottc'iies the highei and more ele- 
gant branches of the tiade, the modelling and painting, are gnen to men, while 
women do the lOugh lieacy ^volk In teaching, where the lec^uiiements liom men 
and wonun aie equal, and the capacity of either sex for the woik the same, wo- 
men aio paid only about two thuds the salaiy of men It is said that, as a niat- 
tei of tact, a sc hoolmi^tiess can be had for less money than a schoolmaster, and 
theiefoie the law of suppl\ and dc mand, and the luh's of political c'couomy require 
that she should leceue Icsm Ibitvchile this lule of political economy is alleged 
as a reason foi keeping down then lemuneiation, women tmd that some othei mle 
than that of economic science is biought in to pie\cnt tlnmi fiom Inu mg the benefit 
of the law of supply and demand whcm that lulo ■scoiild tcdl m then fa^our In 
oidei to make it just that woiium should leceue only the niaiket jnico for tlieir 
seiMces, there ought, on tlie othcu hand, to lie an opem mailcc't tor them labour; 
but women are not allowed to compete for tJie best paid c'ducational post^ It is 
aibitraiily assumed tliat tliey cannot tcauh bojs, tlieietoie in this counliy tliey aio 
shut out from tlie most piolitabh' pait of the teaching picdes^ion, although e\pe- 
iience pioM'S that women make excellent teaclu'is ot bovs 

Sometimes it is alleged as a reason for the mequalitv bet^ceen men and ac omen’s 
salaries, that it must be a''Sunied that a man has a wile and famil> to maintain out 
of his income, and this is usually not the case with a ■\coman Lut this lea^onmg 
goes beyond the law of supply and demand. In calculating wages, the employer 
lias no light to go be}ond the consideiatioii of the cpiality of the work demanded, 
and the numbc'i of competitors for the jiost, in the question of \\hat the recipient 
of the wages means to do with the mone>, nor to assume that he or she cannot 
need such and such a siini AVonieii aie aibitiaiil) shut out from iiiaiiy employ- 
ments in which thc^y aie fully competent to engage. There has beem an inteiposi- 
tion on the pait of tJnivei''it) authoiities to hinder the supply of women doctors 
to the demand of woimm patients The lule of gnmg less to ivomen than to men 
IS applied ^^hele it cannot be excused undei tin* plea of supply and demand. In 
the table of conditions undei whicli tlu' ( loMunim nt giant a«suiance policies and 
annuities, AA e tmd that a man and a Avoman of like age ha\o to p<i) a like piemium 
foi a life a«suianc(‘ ladicy but tliat if a man and a AAoman of like age pay a like 
sum loi an immediate lih' annuity, the Avoman’s annuity amII be 74 percent less 
than that of the man. The iiitiodiiction of necdlcAvoik as a compuLory subject in 
girl’s schools acts injunously on the quality of education to be obtained in them, 
Jlovsarc alloAved to devote t heir Avhole school time to inti'llectual Acmik, Avliile giils 
aie" only alloAved to exeiciso their intellectual faculties on the condition that they 
shall dcAote a considerable portion of school time to manual labour The gulf be- 
tAveen the intellectual attainments of the sexes is ahc'ady too wide, and the impulse 
that IS being gnen on all hand to the education of bojs is making it Avicler every 
day. Ill order to accomplish the object of getting the Avhole people thoroughly 
educated, the Avisest and speediest method Avould bo to bestoAv the piincipnl share 
of attention on that part Avhich is confes'^edly behind, that of tlu* feminine half of 
the nation. When the standaid ol education lor Avomeu shall be biought up to the 



REPORT — 1871. 


202 

level of that for men, the education of both sections of the people will advance 
faster than has hitherto been possible, and the combined intelligence of women and 
men, educated and trained to a thoughtful appreciation of tlie truths unlolded by a 
stud}'’ of both natural and economic science, will be able to arrive at a solution of 
social and political problems which have hitherto ballled the wisest of our legislators. 


On Land 'Tenure. Btj William Botly. 

The author introduced the subject by stating that in ti eating the question ho 
did so oil piinciples at once tangible and practical,” not on tho-^e of “The Land 
Tenuie Ketoiin Association,” but iii such a manner as he believi'd would iiiateiially 
tend to the inteiost of the tliiee paities imnu'diately coiiceined, and as a sequence 
to the well-being of tlu' couiitiy geiieially lie then ga\e an account of the many 
and ^alled teiiuies by which Lind is held in (iK'at Britain, Fiaiue, Belgium, 
Ihussia, the Colonies, *ScC , deducing then lelatue ad\autac:es and disadvantages 
lie tlnni g.ive a statist. cal amount ol the counties iK:c , pioving that leases weri' the 
e.vception not the lule, argued in favoiu of long lea-^es (with few ri-'iliictions), 
showing as a rule long L'a^^es and good faiminir go togetliei, vvhiLt with tew ev- 
ceptious }eaily tenancy and ins,einiity h'd to had faiming , gaA e a tabnlai state- 
ment ns to the lelativi' } leld of such estates lie also advocati'd Tenant Bight to 
the evtent of compensahon for all unexhausted impiov enunits and benehcial out- 
lavs, instancing farms where such equitalde agreements exist'-d having tiebled in 
\alue and lental 

Attei showing tin' beiu'ticial etlei t on laiidloid, tenant, Libonn'i, and the com- 
mouAvealtli, coiuluded by saying that plivsical, linancial, and political beuetits 
would arise fioiii the geneial adoption of long L'ases, with a w’ell-coiisidcied tenant- 
right clause nisei ted tlieiem 

Educational J{o<ip{tal liefoim The Sihenie of the Edi nluHfh Menhant Cuin- 
paiDj. By Thomas J. Boyd, F R B E ^ Master of the Manhunt Conipany, 

The scholastic institutions of tin* Edinbuigli Merchant Company piobablv foini 
the hugest system of schools in Gieat Biitain, and aio the only ones jet established 
undei the “ Lndowed In''titutions (Scotland) Act” 

The Merchant Company of Edinbmgh was incoi’poiated in 1G81 by Bojal Char- 
ter tiom Charles II It is in a highly piospi'ious condition, and npwnuds of GOO 
leading nieichants, bankcis, and tiadi'rs, in J'alinbnigh and Leith, aie members. 
Since its institution, it has held a very piomineiit position in Scotland, and its de- 
liberations and resolutions have not nnfrequontly had consideiablo iiitluence on 
public allaiis There is a wndows’ laud comu'i ted with it, fiom Avhich the widows 
of members receive a libeial annuity The enti’v -money to the Company varies 
fiom about tl4a to consideiably upwaids of i'200, the exact ainount being deter- 
mined bv the ages ol applicants foi admission 

d'h(' piincipal administration and patronage of three of the educational hospitals 
in Edinburgh, \i/ George Watson’s Hospital, the INIerchant Maiden Hospital, and 
Hamel Stewart’s Hospital, w'eio vested in the Company, and to it wore also con- 
fided the chief management ami pationage of James Gillespie’s Hospital lor the 
maintenance of aged people, in connexion with which was a Eiee Piimaij School 
for bojs. Each of these lour Trusts possessed a large hospital building, in which, 
previous to the recent changes, the foundationers lesided, and vvheio those of the 
lirst three were also educated , and from the able and ec onoimcal manner m which 
then respective funds have been managed, their capital stocks have veiy largely 
increased 

(I ) George Watson’s Hospital was founded by George Watson, accountant to 
the Bank of Scotland in Edinburgh He died in 1723, and bequeathed £12,000 to 
endows an hospital for the maintenance and education of boys Those who were 
qualiliod for admission were sons and grandsons of merchants, burgesses, and guild 
brothers, or ministers of Old Church, preference being given to those of the name 
of Watson and Davidson The income of this Tnist now amounts to about £8000 
a year. The number of bo^s educated and maintained m its hospital building bo- 
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fore the reform was eighty-six The master, twelve assistants, and treasurer of the 
Merchant Company, five members of the Town Oouncil, and one of the Established 
Church (!!lergy of JMiiibmgh, constitute the management 

(If ) The Merchant Maiden Hospital was founded in 1G95 by the EdinburffH 
Merchant Company and the widow of James Ilair, diuggist in Edinburgh, for the 
inamtenanco and instruction of giils The income of tlio Tiiist ib about £6000 a 
year Pievious to tlie changes it had seventy-five foundationers Those eligible 
for admission weie the daughters oi giand<laughter3 of merchant burgesses of 
Edmbuigli, 01 of ministers Iheicof and subnibs, or of those who have been go\er- 
11013 of, 01 belief, letors to, the hobpit.il The management is in the hands of five 
members of tlie Town Council, the Mastin*, Tieasurer, and two Assistants of the 
Meicliant Company, Ihiee of the Clergy of tlie city and suburbs, the Earl of Mar, 
and nine peisoiis electi'd by the Mei<baiit Company — m all, twenty-two 

(HI ) Jfaniel Stowait’s Jlobjntal was founded by Danud Stewart, of the Exche- 
quer, who died in 1H14, lea\ing npwaids of Cl 6,000, to accumulate for the purpose 
of building and (Uidowing' an hobpital for the m.aintenauce and education of boys. 
Those qualiln'd foi admission A\eie sons of honest and industiious paieiits of Edin- 
burgh and subiiibs, including Ijcitli, whose ciicumstances m life did not enable 
tlnuu suitably to suppoit and educate their childieii at other schools, preference 
being guc'ii to those of the' name of Stc'wait or Macfailaiio The annual income 
of this 'Iiust IS upwaids of C jOOO, and the numbei of foundationers was si\ty-nine. 
The Master, Tie.^suier, and twehe Assistants of the Merchant Company constitute 
the managc'incnt 

(IV ) The last of these institutions, James Gillespie’s Hospital and Fiee School, 
was founded by .Tames Gillespio, of Spylaw, meichant .aiict tobacconist m Edm- 
bmgh, A\ho, by his will dal(‘d in 179t), destincal the greater pait of his property to 
the endovMiient of a chaiit.ible school fn bo}s, ancl of a hospital for tW aliment 
and maintenance of old mcui and women About foity agect foundiitioneis were 
inaintaiiu'd in the' hospital building The peisons qualified foi admission were, the 
seiiaiits of the foundcu, or peusons of his name, above the age* of 65, poisons be- 
longing to Edinbuigh and its snbuibs .above the same age, failing these, persons 
fioni Leith, New haven, and othei paits of Mid-Lotliian , whom failing, persons 
fioni any pait of Scotland at the' age of 55 The Eree School w'as opened m 1803, 
and had about 100 bov'^ Foi some' tune no fees weie chaiged, but subsequently, 
and until the lecent ichoim, tlu' pupils vv'ore ni.ade to pay a small sum per month, 
and this change had the etlect of iiu leasing then numbei, which latteily amouriteci 
to about 150 I’lie annual income of the foundation is about CIHOO The manage- 
ment IS 111 the hands ol the Mastc'r, twelve Assistants, and Tieasurer of the Mer- 
chant Company, live* membeis of the' Town Council, and the Mimsteis of St. An- 
diow’s and Si Stc'phen’s clnuclies 

Lor npwMids ol a qu.uO'i of a centiir\ there has been a glow mg feeling in Scot- 
land against what is known as the hospital si/btem, and, happily, people generally 
aie now coming to believ e in the tiiitli of the s.xving that childien should be brought 
up m famdies— not in lloeli^! The education ol huge numbei s of cbildien apart 
from their paieiits, relative'®, oi finuids, and without then having almost any inter- 
conise with other poisons e'xeept the otHeials of the hospital ostabli®huients, vvuis a 
systf'iu nnnatiual in itselt, and imt calculated to ni.ike tln'in in after life useful 
membeis ol socielv With wbatevei ze.al those who weie so brought up might be 
traiiu'd moially and intcllee tiially, many w'ero found, on the completion of their 
education, to be devoid of that gemeial mtelligi'iice which is acquired from intei- 
courso with fnends m the homo ciicle , and when thi'y left the hospitals to begin 
the business of life, they weie, as a lule, unable to take then places with others 
whose scholastic ti.aining bad not been supeiior, but winch had been can U'd on 
uiuh'i' happier cncunntanees Altogether, it w.as felt that, m letuin foi the largo 
sum of luoiK'v e\pond('d upon them, comp.iratively small benefits vv^ero derived; 
and itw'as to abolish tins state of things that the Scheme was devised. 

The Mereh.mt Company had foi a long time been desiious of reforming the in- 
stitutions referred to, ancl with this view they obtained, about nineteen years ago, 
Parliamentiuy authority to admit day -scholars, selected from the privile<Ted classes, 
to George Watson’s Hospital, to be educated gratuitously along with the founda- 
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tioners. Scarcely, however, bad even this small liberty been granted, than tlioy 
were pri\atcly given to imdeistand that the passing of the Bill was considered a 
mistake, and "that no nioie applications need bo made to rarhameut for permission 
to alter the wills of founders. As it seemed, then, only a waste of money to en- 
deavour to obtain additional poweis, the Company did not fail to stietch those they 
had to the utmost extent. In the case of the Meichant Maiden Hospital, they ad- 
mitted as day-piipils a limited number of girls belonging to the privileged classes; 
and while they deeply regietted that tliey could not make a nioie extended use of 
their funds, they felt that the blame of this did not lie at their door. In the mean- 
time, liowevei, the cry against the hospital s}steni continued, and the Assistant 
Iloyal Commissioneis icpoited that theie Aveie laig-e revenues connected with the 
hospitals m Scotland which did comparatnely little educational good Although 
the Meichant Company believed that then institutions would beai tavourable com- 
paiison vvitli similar ones eithei m Scotland or England, }et it was deemed expe- 
dient to endeavoui to get their nsefnliiess extended by all possible means. Accoid- 
ingly, in 18()9, on the lepresentations of the Company, the “ Endowed Institutions 
(Scotland) Act” vv^as biouglit into railiament, as a Goveininent mi'asuie, by the 
then Loid Advocate (Sir Janies Monciiell) It eiiconiiteied eonsideiablo opposi- 
tion, but the Company having obtained the snppoit of the inaiiager.s of two or 
three similar foundations in Scotland m behalf of the measnie, it finally 
parsed. 

The Act giv'es power to the riome Secietaiy to issue a Ihovisioiial Oidei for in- 
creasing the usefulness and elllciency, and for extending the benefits of any En- 
dowed Institution ill Scotland, on a petition of the Coveinois theieof, and if the 
ordei lie foity days on the tables iii both Houses of railiament without an addiess 
being presented, it becomes law. 

Alter the Act was passed, a Scheme for K'foiming the four institutions had to be 
prepared. No group of educational hospitals, oi even any individual one, liad 
hitlierto been efficiently refoimed, and there was tlunefoie no plan in opeialion 
which could foini any guide in the niattei. AVhatevei sthenic might be devised, 
it would of necessity lequiie to give good giounds toi believing that it would 
efficiently and satisfactoiily utilize the large funds to Ix' disposed of Besidts, 
there was this fuither diflicultv, that it had to bo fianu'd in a way which would 
satisfy the Meichant Company and the Coveinois of tin* foiu luispitals on the one 
hand, and have a fair chance of being accepted by the Home Secietary and Bar- 
liament on the other. 

In prepanng the Scheme, it w'as specially kept m view that it should be of 
such a kind as would not bo likely to cla^h with tlie plans which other hospitals 
in Edinburgh might contemplate undei taking, so that inoin'v might not bo squan- 
dered in fruitless competition rarlKulailv, legaid was had to ket'p cleai of the 
work w'hich the Governors of Geoigc Heriot’s lb spital weie accomplislnng with 
their outdoor schools in the education of poor childien 

Tlie following is a brief outline of the leading featuies of the Scheme — They are 
(1) the removal of all the foundationers fioni the four liospital buildings, and pio- 
viding for then maintenance elsew here , (2) the conv citing of these buildings into 
great day-schools, under a graded 8}8tem of education, foi the instiuction of chil- 
dren of the gcneial communitv, along with tlie foundatioiHus, on pavment of mo- 
derate fees , (.3) the thiowing open of piesentations to the foundations for compe- 
tion amongst the pupils attending the schools, (4) the establishing of buisaiies 
and travelling .scholarships for the furtlu'i piosecution of the studies of such piqiils, 
both male and female, (5) the endowing of a Chan m the Uimeisit) of J'Min- 
burgh, to complete the commercial side of education to b(' given in the .scliooLs; 
and (G) the estabhshing of one or more industrial schools for the neglected childien 
of the city. 

A joint meeting of the lour Boards of Governors was called for the puiqiose of 
considenng the Scheme, at which a resolution geneially appioving of it was unani- 
mously passed. In outer to ascertain the opinions of the directors of similar insti- 
tutions m and near Edinburgh legaiding the inattei they vveie invited to a con- 
ference. At this conference the Scheme was very fully consideied, and, on the 
motion of Sir Alexander Grant, the I’rmcipnl of the University, who is a Goveinur 
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of two of tlio lio'^pitals, a resolution coidially approving 'of its general scope was 
unanimously earned. 

After the approval of the Scheme by a general meeting of the Mei chant Com- 
pany, separate Schemes or proposed provisional orders based on the general Scheme, 
and extended as to details, for each of the four hospitals, together with petitions 
to the Home Secretary, piaying that ho would sanction their bmng carried out, 
wore 111 duo com so approved of by the Company and Governors. With some slight 
modifications, tlu' Home Secretary agreed, subject to the approval of the Loid 
Advocate, which was atterwards given, to issue the I’lovisioiial Orders 

The Piovisional Orders, lying the lequired number of dajs upon the tables in 
both Houses of Parliament without an address being presented, became law in the end 
of July last year (1870j, just as the schools inEdinburf^h weie closing for the holidays 
It was determined to take measures at once for hav ing the four hospital buildings 
opened as day-schools in the beginning of the following session in Septembci, and 
otherwise to pioceed in carrying out the Scheme. Towaids this end, the first thing 
to be accomplished was to remove the foundationers from the buildings, so that 
the woik of adapting them for their new purpose might begin. It was deluded to 
have in them thiee giadi'd schools loi boys and two for giiE, so that each of the 
dilleient classes of society foi whom they were designed might find in one or other 
of them an education suited to its own lequirements. 

The building of James Gillespie’s Hospital was accordingly chosen for the 
lowest giado schools of both bovs and girls which it was arranged to establish, 
Hamel iStowait’s and George Watson’s tor the other two boys’ schools, and that 
of the INleichant Maiden Hospital for the uppei girls’ school. Thoie would thus be 
equal to five giaded schools in the four buildings — those in Gillespie’s and the 
INleichant^raiden Hospital buildings being the two for giils, and those in Gillespie’s, 
Stevvait’.'', and Watson's tin' three for boys The woid ho'^pital, when used in 
connexion with education, was so lepugnaiit to the geneial community that, in so 
far as the schools vveie concerned, its use was abandoned, and the nanuvs adopted 
for them wcie — ^‘Janies Gillespu^’s Schools,” ‘^Daniel Stevv'art’s Institution,” 
“George Watson’s College-Schools,” and “The Edinbuigli Educational Institu- 
tion ” Foi eadi of these institutions a head-master was appointed, whose emolu- 
ments vvi're to coii'^ist of a salaiy, and an additional sum for eveiy pupil who should 
atti'iid tlie school ovei whuli ho w'as to preside. For the upper giils’ school a 
lady-superinteiuhmt was also engaged. These peisons were appointed by the Go- 
veidois, at whoso phaisure they weie to hold their ofiices Eadi ot tlie liead- 
masteis was to be lespoiisible foi the elhcicuit woiking of the school under his 
charge , and, in older to do them full justice in this lespect, they were to appoint 
and disiiii-'S tlieii own teacheis and gov ei nesses, the Goveinois fixing and paying 
tlio salaiies I’he foundatioiKU's weie to attend the school belonging to the Trust 
with which the\ wmc' coiinecti'd, and childri'ii of the gi'iieial public who passed an 
examination suitable to then lespi'ctive ages, and satisfactoiy to the Governors, 
vvi'ie to be adniitti'd to all the schools on payment of moderate fees In selecting 
out of tlie applicants those who vv^ere to be admitted, legaid was to bo had to the 
merits and attainim'iits ot each as testcnl by the examination In all the institu- 
tions theie wc'ie to hi* tliiee depaitnients (an elemental jy a junior, and a senior), 
each of which was to be divided into classes contaiiiing a limited number of pupils, 
giouped accoiding to thini attainments, and the whole of the pupiF, with the ex- 
ception of tliose 111 Gillespie’s schools, vv'Cie to supply their own class-books. 

In the lowest grade schools (Janies Gilli'spie’s), the couise of instruction was 
designed to include Englisli in all its blanches, wilting, aiithmetic, vocal music, 
and dull The bojs wme aFo to be taught mechanical diawung, and the giils 
sewing and knitting Eotli male and female teacheis were to bo emploji'd, and 
the classes weie not to contain more than fifty childien The lees, including tlie 
use of school-books, hav 0 been fixed at fis , 4s., and 5^ a quaiter for the eiitiie 
course. In Daniel Stewart’s Institution and George Watson’s Colh^ge-Schools for 
Boys the course of study was to include the English, Latin, Greek, Fiench, and 
German languages, wilting, aiithmetic, book-ki'eping, algebra, mathematics, 
drawing, vocal music, botany, natural history, natural philosophy, chemistiy, drill, 
gymnastics, fencing, and dancing. There was to be a classical and a modern or 
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commercial side, and instruction in technical science was to bo given In Daniel 
Stewait’s Institution to such pupils as dct-iicd it In both schools male teacheis 
only were to be employed, and the nui.ibei of pupils in each cla.^s was not to e\- 
ceed n maximum of foity, so that the education of every one of them might be 
fully attended to. The tees for the whole couise have been fixed at fioiii 10s to 30s, 
a quarter. In the upper girls’ school The Kdinburgh hllucational Institution ”) 
the course of study was to embrace all the branches usually taught in the principal 
institutions and boarding-schools foryoung ladies, and to include tliehhiglish, French, 
German, and Latin languages, lectures on hteiatuie, vviitimr, ai it hnietie, book- 
keeping, algebra, mathematics, phvsical scionci', diawing, vocal music, instruction 
on the pianoforte, drill, calisthenics, dancing, and lUH'dlevvoik. As in the upper boys* 
schools, the classes vveie not to contain moie than loitv pupils With the excep- 
tion of tlie elementaiy department, wlnu'e female teacheis only wine to be em- 
ployed, the institution was to be taught altogetlnu by mastei'i, with a governess 
attached to each class, to be constantly in attimdanee upon it The hs'S for tlie 
whole course have been fixed at fiom l^-' Vxi to oOs aquaib'r In the second 
quarter of the session, when the numbeis vveie counted, tin* wdiob' of the 1200 
gills in thus school were being taught Fnglisli, aiiilimelic, vo( al mu^ic, ni'edlevv ork, 
and dancing, 1120 wilting, 1002 the ])ianofoite, SoO Fiendi, 072 diavving, and 0o2 
Geiman In all the schools leligious instnu tion was to l:)t> gutai A “ conscience 
clause” was put in operation. At fiist, only abtuit ten cbildien took advantage of 
it, but as the session advanced no exception vvhatevei cxivtocl on belialf of even a 
single pupil. 

It will be seen that, for the education to bo given in the schools, the fees are 
very lowx The principle upon which they vveie lixed, as legaids the tbieo upper 
schools, IS, that they be sulHcient to eovei the expense of tlu' (rddt/w/Hil itacJnntj 
required, without anything being chaiged as against tlu* lent of‘ the hospital 
buildings, which were to be luiiiod into dav-schools, oi foi the c'xpt'iise ol tho 
teaching stall' foimeily kept up loi the fouiulutioneis vvlu'u Die hiiildmgs vveie used 
for the double purpose of giving boaid and ('ducat loii, and wliidi was exptuisive if 
reckoned at so much a pupil. Take, foi illiistiation, the nppc'i giils’ school (the 
Edinhuigh Plducational Institution), witli its 1200 pupils Of these, about 70 
were foundatioiiei’s, and 1130 day-scholars Foi the lattei,i]ie nmnht'i ot teachers 
and governesses was sufficiently iiicieasod, the expense ot tins new stall being de- 
frayed by the fees which these day-scliolais pciy', and wliidi amount to between 
£7*000 and t-'^OOO a year. Thus, if tlioK* had been no otliei new expenses con- 
sequent upon the changes, the education of tlu'-^e 11. >0 day -pupils w ould liave been 
productive of neither gam iioi loss to the Tiust llut theie was tlie K'lit ol the new 
nouses to pay lor, in which some of the fouudatioiu is w(‘ie to K'side, and tlio.se of 
them w'ho w’eic to he hoarded out m familu's would cost .somewluit moie than 
when they lived in tho hospital huildmg Thou moiu'v had to he found lor the 
hursaiies and fellowships, &c 'lo m<'( t these new expeiisi's the niimhur of 
foundationers was partially to he leduced Gillespu* .s Schools, h(‘iiig e.stahlished 
for the children of the hiinihlei classes on pavment ot low fees, aie, of course, 
productive of a small annual loss, which i.s, hovvevei, met by tlie glow mg income 
of tho foundation 

The money reqiiiied for the cxpen.scs of tho new pinposi's of tlie Sdiemo was to 
ho obtained by ledueing tho numb(*r of foundatmi.eis of the tliiei* educational 
hospitals Tho reduction, which was to be ( fk'ch'd as soon as {onv(*nient, W'as as 
follows, viz. the foundationers of the JMeulniiit IManh n Ilosjntal to he leduced 
from 75 to 01, those of Geoige Wat.son's lioin 80 to 00, and tho.se of Daniel 
Stewart’s fiom 00 to 40. The preference clniin.s of cliildK'n who hoio pniticnlar 
names were altogether abolisheef. Gieat evils aro.so fiom tho obligation to admit 
such children to educational hospitals Their ( ducatioii w'us too olteii neglected 
by their guardians in their earlier yeais, wlio tliought that tliere was little ii.se 
troubling themselves about it, or paying school-foes since they would ho sure of 
getting them into a hospital where every tiling would he done foi them. Tho 
consequence was, that these children weie gi'iH'inlly unlit to be placed in the same 
class with others of a like age; they roquiied an umi.sually Inige amount of labour 
to be expended upon them, and, as a rule, were a diag upon tho wdiole institution. 
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In regard to tlio presentations given over to the general community, it may he 
proper to notice heio that the apparent loss to the privileged classes is nioie than 
compensated by the solid advantages given to foundationers, not only by their 
attending the day-schools -while being boarded either with their friends or m the 
boarding houses of the Go-vernors, but also by the spirit of meritonous emulation 
from without, which woiks so beneficially upon them as upon all the other pupils 
of the institutions Fuither, the special identity of foundationers is now lost, and 
a spirit of merit runs through all. Moieover, neither children nor grandchildren 
of members of the Merchant Company, except tliose who were in reduced (ircum- 
stances, could foriueily get benefit from the foundations; but now, under the 
altered state of things, the schools and all the advantages connected theiewith are 
of course open to tliein 

The Scheme, as fornieily mentioned, contemplated the removal of the whole of 
the tonndalioners fioni the hospital building*^. Of those connected with the three 
Educational Tiusts, it was decided to maintain a portion in boai ding-houses, under 
the supeiintendeiice of the OocernoiM, and to board out the remainder with persons 
of whom they might approve Accoidingly, suitable hou‘?es were rented, and the 
plan as to the louudationeis earned out. It -was agreed that the aged foundationers 
of Gillespie’s Hospital weie to have the option given them ot eithei accepting a 
pension ot T25 a} ear, or ot continuing to be suppoitedat the expense of the Tnisf, 
under the pioteclion of the Governors, m a smaller house , with the exception of 
ten, who were old and tiail, they all prefeiicd tlie pension For these ten, as w^ell 
as for others whom the Governors mnv elect fiom time' to time on vacancies arising, 
the building toimcily med as the Pi unary School has been fitted up As to the 
future, it IS of couise intended to continue the svsteni ot giving outdoor pensions, 
as well as to maintain the Hospital Home foi old people 

All inipoitant feature of the Scheme, in addition to providing the general com- 
munity with a supeiior education at model ate fees, is to givi' children of great 
nieiit, who attend anv one of the schools, a high-class education, without almost 
any expense to their friends This feature was mtioducod not only with the view 
of .stimulating the exeitions of all the pupils, but also of enabling cliildii'ii of great 
ability (ovmi those wdiose friends w^ere only m circumstances to place llicm at the 
lovve^^t grade schools) to turn their intellect to the best account, so that they might 
he fitted to occupy a high po.sition in life, and possibly render impoi taut "services 
to the countrv . Towards this end there are to be given up for competition amongst 
the pupils of all the .schools a pindion of the reduced number of pre.'^cntations to 
the loundation<5 That numher is to be not less tban a fourth of tbosjo of (h'orge 
Wat son’s and the Mei chant Maiden Trust.s, and not le=s than a half of Daniel 
Slewaiit’s The ages at which the pupils are to coinpide for the piesentaiioiis are, 
for boys, under 10, 12, and 1 1 yeais , for girl.s, under 12, 11, and 10 vear‘5. The 
succes'jtul competitois are to ue maintained and educated at the expeme of tho 
foundalion.s — boys until they aio 10 yeais of ago, when they should be leady for 
the Umversitv, and girls until they arc 18 These ages mav be atterwards alteied 
if the Govoiiiois ^ee fit ’Fhen, in older to enable meiitoiioiis piipiK fiirthei to 
prosecute then studu's, power has been acquiiial to found twenty-two btinsaiu's of 
F2o a year, tenable loi foiiryi'ars, and eight tiavelling sc holai «ln})s ot £100 a 
year, tenable foi tlnee vears, all of which aic to be aw^aided aFo by competitive 
examination J'\stimafing the value of a presentafioii at £o0 a yeai, the gioas 
amount of Hmefits which a pupil may deiivo aie — a piesentafioii lor six jears 
= £.‘100 ; a bur.'^ai y on leav mg the schools of £2o a year for foui } eai s =£100; and 
theieafter a .scholniship of £100 a veai for three jears =£*‘100, maluiig altogether 
£700, 1 nei'd !^caic('ly again state that these benefits have the advantage of being 

open for competition to female pupils as well as male. Th(> Goveiiiois have also 
tho povv(>r at the end of each session, on the icconimcndation of the examiners of 
the schools or liead-niastcis, to give substantial rewaids to pupils of di.stingui.shed 
merit ; and the plan intended to be adopted in carrying out tins pait of the Scheme 
is to present those of them who do not succeed in gaming places on the foundations 
with school hursaiies, equal in value to the amount of their fees for the following 
session. 

In the upper boys’ school the education was to branch off at a certain stage into 
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the two divisions of what are called the Classical and Modem or Oominereial sides ; 
and while, of course, theie is provision in the Edinburgh University for the coin- 
pletioQ of the former, there was greatly needed, in the interest of the latter, a 
Ohfiir of Commercial and Political Economj^ and Mercantile Law. Under tlio 
/powers embraced in the Scheme, such a Chair has boon endowed and a Professor 

yet another sphere of usefulness which it was contemplated to over- 
take. While power was asked which would enable the Governors so greatly to 
benefit the general community by the establishing of those schools <.Vc , by means 
of which meritorious children of the humbler classes could receive an education of 
the best kind, fitted to advance them in life, and while power was also aslced to 
do something for the University, it was thought right to look with a Icmdly eye 
on the very poorest of the community — to include in the Scheme powers for estab- 
lishing Industrial Schools, to assist in gathering in the neglected boys and gnls of 
the city. The cairying out of this work is undei consideration, gieat difficultv 
having been experienced in view of the Goveinment Education Bill for Scotland 
(which was expected to pass this session) containing express piovisions for indus- 
tnal schools, compassing the whole wants of tlie city by levied rates 

The authoi then descnbedthe favoui able reception of the Scheme by the Govern- 
ment, the press, and the public geneially 

The adveitisements announcing the opening of the day-schools appeared about 
the end of July last year, and in about a fortniglit no fewer than 2()00 childien had 
passed the entiancc-examination Shoitly afteivv'aids the nunibei which could be 
accommodated in three of the four Imildings was made up, theie being, inclusive 
of about 200 foundationers, ,0100 pupils oniolh'd Tin* head-inastms tJien, seeing 
the size of the schools which they were to have, advertiscal foi teacheis The plan 
of selection whicli they adopted was, while engniring those whom they thought 
most suitable, to gi>e a prefmence to such as would bo likely to sullei by the new 
schools They could not do more in their inteiest, without iiinning the risk of 
sacnficing the efticieiicv of the schools for the benefit of individuals, howc'ver 
deserving otherwise, and thereby imperilling the success of the entiie educational 
Scheme 

In carrying out a gieat lefoim like this, it could not bo otheiwise but that incon- 
v'cniences and paitial losses to some teacheis would occur TIu'k' was, howevei, 
the satisfaction of knowing that, by the limited number of pupils in each cla»s, an 
increased number of teachers weie employed, and that their salaries wcae considei- 
ably gieatei than they prc’viously had bc'en. It is undei stood that, in conseqiumce 
of this, good teacheis in some other schools iii Edinbiiigh have since been bcdtei 
paid than they foimerlv" were 

The schools had only been opened foi a fewv weeks when their success ns efiicient 
institutions secmiod ceitain. The laige numbi'r of pupils enabled their being 
grouped accoiding to their attainments so thoiouglily, that those placed in the 
same class were all but equal Their individual ti'achms theitTore, insti'ad of 
having to give si'parate instiuchon, as it were, to childimi in diileient stages of 
progiess, of which most classes aio composed, when speaking to one pupil were 
addressing themselves to the capacity of all Thus the classes had a much gicater 
amount of insti action given them than would have been the case m other circum- 
stances Again, the large beiiefits to bo obtained by competition at the end of the 
session had a wondeiful eflect in stimulating the exeitions of both pupils and 
teachers The consequence was that rapid progress was made in all tlie scIkxjIs 
Baients, not slow to observe this, m calling at the institutions, said that since tlieir 
children attended them, they had worked at then lessons in a wa> which they liad 
never done before, and expiessed themselves satisfied with the schools in the 
highest degree. Persons inleresfi'd in education fiom many jiaits of the country 
visited the schools, all of whom, tlie author believed, weie most favouiably im- 
ressed with what they saw ; and applications foi the admission of other children 
ecame so numerous, that at the end of the first quartei the number on the super- 
numerary roll was very large. 

The Scheme provides that a general examination of the institutions has to bo 
made once a year by cxaniiueis appointed for that purpose, who arc to report upon 


appointed, 
lliero was 
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the pi’oficlonoy of tho fjcliolara, and on the position of the schools as regards instruc- 
tion and discipline Tiie cvaniination is to be conducted by a person wholly uncon- 
iK'cted witli the institutions. The first examination was conducted by Professor 
W B Hodgson, who reports thus regarding tho upper girls’ Institution • — “ Pro- 
bably there is nowhere to be found so large a school lor giils so admirably organized 
and so efficiently conducted Tho largo number of pupils, far from causing an 
excessive number in any one class, actually facilitates the work of classification, 
and by the multiplication of classes, meets the difficulty of uneg^ual progress in 

C ls about tho same ago. Where all deserve commendation, it is hard and per- 
1 invidious to select. But I may truly say that, while the usual branches of a 
gill’s msf ruction are vigorously attended to, while English, and what it implies, 
and J^’iench and German, and Music and Drawing, hold each its proper place under 
zi'alous and efficient teacliers, ..\rithmetic is taught with unusual care, and there 
are special classes for senior pupils m Latin, Geometry, and Algebra; and the pro- 
gre^s and manif(^«t inteiest in these subjects fully refute the notion that they are 
unfit foi tho study of giils On the wliole the state of this school reflects very 
high cnalit on its Piincipal, Lady Superintendent, and Teachers, and it^must do 
much to raise tho siandaul of wnnien^s education throughout tho whole countiy ” 
Ilegai ding the schools generally. Professor Hodgson states — ‘Ht is altogether 
an astounding oigam/ation, and one is quite oierwhelnied by the attempt to esti- 
mate its lesults m even the near future. It is something to have lived to see this 
sipht it is more to have done aught to bring it about.” 

Professoi Oakcley inspected the Music-classes of the upper gnls’ schools, but no 
repoit fiom him has yet been leceivcd. 

The author then de.>ciibod the ariangements made for affoiding increased accom- 
modation, and which iiulude tho opening of another giils’ school 

I'oi next se^sIoll the iiuinbei of pupiL already enrolled m the dilferent schools is 


somewhat as follows, v 1 / — 

.Tanu's Gilh'vpie’s Schools foi boys and puls (full) 1200 

The Edinhurph J'alucational Institution lor gnls 11 Of) 

Geoigi' AVhit'-on’s (’ollege-Schools for bov s 1000 

(ri'oige Mhatson’s College-Schools foi gnls (full) bOO 

Daniel .Stc’wait’s Institution for boys uOO 


Total 4100 


or already 700 more pupils than attended the schools last session, while new appli- 
cafions for admission aie coii'-tantly being leccuved 

Eiom what hu'^ been said, it will be .seen that the annual income of these four 
foundations is about t20,SOO Before the changes which came into opi'ration last 
yi'ai, they inamtained and educated about 2.t0childien, maintained 40 old peison.s, 
aided a Ihiinaiy School containing 150 boy.s, and employed 24 teachers, who 
recei\('d about blTOO a )cai In tho beginning of next session they will bo iiiaiii- 
tammg 17’> cliildien, ami educating piobablv about 4b00, while they will be pajing 
teacheis and governesses not h'ss than Cl H, 000 a year It has been estimated that 
the annual «aiing to tin' public, hv the leduced cost of education guon m ihe.se 
schools, will bo about CMO,000 Euithcr, tho numbei of the aged foimdationeis 
attached to Gillespie’s Tiiist has alii'adv been mcri'asi'd, and it is anticipated that 
in ^^^ehe months its funds will admit of a still greatiu* number being placed on tho 
roll i'heic will also be funds fov the pa>meni of the animal endowment of £450 
a year for tho now Chau m the Umveisity In a short time the Governors will 
be m a pcvsition to decide whether or not tho Scotch Educational Bill of the 
Governmi'ut will take up tho whole held of Industiial Schools m the city. 

In conclusion tho author expressed the hope that what the Moi chant Company 
have done 111 n.sing tho funds at then disposal to extend the blessings of education, 
may be tho means of inducing the Goveinors of similar foundations to endeavour 
to inciease tho usefulness and extend the public benefits tlieicof, and in such a 
manner as maybe supposed would have been commended by the generous foundeis 
themselves, had they liv ed m these our days of progress and reform. 
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On the Measurement of Man and his Faculties. By Samuel Brown, F.S.S. 

The Science of probability, which in the course of 200 years has been perfected 
by the ^eat mathematicians of England, Germany, and especially of France, and 
has renaered such service in astronomical researches, is still in its infancy as regards 
its application to the problems of political and social economy, which diiectly 
concern the growth of civilization, and the physical, moral, and intellectual pro- 
gress of man James Bernoulli by its aid pioposed to investigate questions of in- 
terest in morals and in economic science ; but Ins ■work was not published till 1713, 
eight years after his death, and in the meantime his nephew, NuFolas Bernoulli, m 
an essay in 1709, had treated of such questions as the number of persons Ining 
after a Certain number of years out of a given number born, of the peiiod of time 
at the end of which an absent man of 'vdiom no tidings have been heard may be 
considered to be dead, of the value of an annuity on huniun life, of marine insu- 
rance, the probability of testimony, and of the innocence of an accused peison. Not 
to mention the extension of the science in the wiitings of Condoicet, Laplace, and 
Poisson to the questions of decisions of legal tribunals, of elections, of the relative 
force of opinions in the rainonty of voters, the cnalibilit}" of histoiy , the Census, 
tables of mortality, marnage, and insurances, to illusions and mental plienoinena, 
we find in recent years the greatest impulse given to scientific methods of collect- 
ing and comparing statistics has been by M Qiietelet, the Diiectoi of tin' lioyal 
Observatory at Bruxelles, President of the Central Statistical Commission of Bel- 
gium, and the Perpetual Secretary of the Academy of Sciences He "wais one of 
the early founders of this Section at the Meeting at Cambiidge in 1833, and was 
the originator of the International Statistical Congresses 'wdiich have been the 
means of efiecting such vast improvements m the collection, publication, and com- 
parison of Government Statistics in every country in Europe. 

In the application of scientific methods of observation to study the ^divsical and 
moral qualities of man, an essential pait of the inquiiv is as to his giovvth, and 
the relative proportion of the vaiious parts of the body at ditlerent ages until his 
complete raatuiity. The last work of M Quetelet, entitled “ Anthiuporiietiie, on 
mesiues des ditfdrentes facultds de rhonime,” recently published, compiist-s the re- 
sults of many years of observations, in which, by the assistance of siientilic liiends, 
aitists and medical men, he has succeeded in colleiting sulficient and tiustwoithy 
facts to trace the law of gi’owth in eveiy poition of the human body at all periods 
of life. 

The methods formerly employed to ascertain the tiue proportions which consti- 
tute the typical man were not satisfactory. Naturalists did not sufiiciently study 
the averages to discover the laws of their agieimient or diveigeme on certain 
points ; artists selected such types of beauty or strength as suited then special pur- 
pose. But if some model of the human race existed the piopoitions of winch 
were so fixed that any deviations from it m excess or defi'ct could only arise liom 
accidental causes, the observations recorded may bo divided into gioujis at equal 
intervals, and according to the theory of probability the specific number which 
ought to be found in each group may be predicted befoiehand, with a very near 
approach to accuracy. The greater the number of obsoivatioiis the moie ceitainly 
will the observ ed number in ©ach group agree with the number calciilatt'd by the 
theory. The group which approaches nearest to the mean will be the most nume- 
rous, and the other groups will be found to contain numbers, as th('y difler from 
the mean in excess or defect, in exact proportion to the coeificients of the teims 
of the binomial theorem. In accordance with this law (hvn) fs and yuDitf, cease to 
be casual monstrosities. If out of a sufficient number of observation’s, taken in any 
country, of the number of people measured at regular gradations of height, the 
dwarfs and giants had been purposely excluded, we ought by means of this law 
to be able to predict nearly not only the numbers which had been omitted, but 
their relative statures as compared with the rest of the people. 

A remarkable confirmation of this law was given by Mr E. B. Elliott in the 
measurement of the height of 25,878 volunteers to the United States Aimy during 
the Civil War. The intervals of height were taken at every 26 millimetres. At 
the mean height, 1’76 metre, the numW found by measurement was 4054, or 167 
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in every 1000, whilst the number calculated by the theory would be 153 m every 
1000 At all the other intervals the calculated and estimated numbers in ei^diteen 
different groups were almost equally near. 

Comparisons are given by M Quetelet of the measurements of the statues of 
ancient art, and of those in the rules laid down by the gieatest artists or writers 
on the proportions of man. All the measures tend to establish the fact that the 
proportions of the human form of the piesent day aie almost identical with those 
deduced by observation from the most legular statues of Grecian art. 

The application of the law is also shown by the close appioxiiiiation in the 
observed and calculated numbers of conscripts for France, Ih'lgium for 20 years 
of observation, and in Italy for those at 21 years of age, as wi'll as bv two sets of 
obsen ations in the United States. In the three former countiies the mean height 
observed was iieaily the same , but m the United State's it was higliei by 0 or 8 
centimetres, though this was paitly accounted for by the Volunteers tlieie being 
of a more inatuio ago. 

A further example is gnen in a comparison of the measuiemeiits of llie circum- 
ference of the chests of Scottish and Ameiican soldu'is, the mean ot the former 
being 40 inches, at which the obseived numbeis weie 188, and the calculated num- 
ber would be 109 111 cieiylOOO, and tlu‘ mean of the latter was 35 inches, at 
wdiich the obseived nuinlier was 201, and the calculated nnmbei by theory would 
be 190 111 every 1000 The law applies equally to the weight, strength, and other 
physical qualities of man 

The extension of this method of obseiv^ation to the actions of man, which aro 
dependent on the exeieise of Ins fiee will, indicate in the cleanest manner that, 
howevei imperceptibly to the casual observer, they follow' ccit.un law's which are 
as regular in then opeiation as the law of moitalitv Thus, in live consecutive 
quniquenmal pc'iiods, tiorn 1810 to 1805, the mairiages of men at ceitani gioups of 
ages throughout lile, with women at tin* same or other gioup-i ot ages, very slightly 
differed from the mean of tin* same groups for the whoh' peiiocl of twent}-fivo 
yeais 'J'lie same lesults may be seen m a still inoie maikecl inannei in England, 
by comparing the marriages of men at every group of sufccssne live yeais of age 
Irom iindei 20 to 85, witli women at those gioups of ages in the thiee v(Mis 1840, 
1847, and 1848 with the three yeais 1851, 1852, and 1853 I'ln* near appioxima- 
tioii of the numbeis at eveiy age in the tw'o peiiods is most icinailcable, (‘specially 
if they are subdivided into niaiiiages of bachelois with spinsteis oi widows, and 
of widowers with spinsteis or widows 

Other statistics illustiating th<‘ regulaiity of action in the fu'c will of man, are 
those showing the tendency to ciime at paiticular ages, and even the iiatuie of 
Climes winch seem to vary against person, or against piopertv aecoiding to the ago 
of the criminal. The object of this paper is to point out the tine scientific method 
of collecting and conipaiing statistics, to diaw attention to the remaikablo Tables 
of M Quetelet, showing the law of the giow'th of man, and of tlio piopoitions of 
the vaiious paits of his body at cveiy age of life', and further to uig(' that the same 
method of investigation should be extended to the manv questions allecting his 
moial and intellectual faculties which at present are not considered to be within 
the compass of statistical leseaich. 


On the WeUington Beformatonj. Jhj Shciiff (Ileghoiin. 


On a proj^osed Doomsday Bool, yivmj the Value of the Goeenimcntal Propedy 
as a basis for a sound sysieni of National Fmantc ami AecounU. By F. 
P. Fellow'S, F.B.B. 

The author described the present method of voting and accounting for the na- 
tional expenditure, amounting to about £'70,000,000 yeaily, and mamtained that 
there was a great incompleteness in the accounts, which could not be rectified till 
a Doomsday Book, giving the value of the National Goveinmental property, w'as 
compiled. This must necessarily bo the basis of any sound system of national 
finance and accounts, as, without it, expenditure for capital and for the cun out pur- 
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po>es of the year must bo unavoidably confused, so that a Government mav ash for 
€70,000,000 in any year, and -yet spend for the year in question €80,000,000, or 
only €00,000,000 without the House of Commons or the public bein^ able to de- 
tect it. The paper recommended, as a conclusion to this Doomsday J^ook, the 
compilation of accounts for each Government department similar to those worked 
out by the author and Mr. Seely (recommended by Mr. Seely’s Committee for 
adoption), and now being introduced into the Admiralty. It pointed out the great 
control these accounts gave the Admiralty over its expenditure, and attributed a 
considerable part of the yearly sa\ing of about £1,500,000 that had been etleeted 
in the Navy to the information thus afforded. The author said that with ceitain 
exceptions, such as the army and the navy, the only accounts compiled and pic^- 
sented to Parliament were the Estimates and Finance Accounts , and that tlicse 
finance accounts, t. e. ‘‘the Estimates,” “the Appropnation Accounts,” and 
“ Statements of the Savings and Deficiencies on the Grants,” as given in the 
Estimates, were, strictly speaking, merely the banking accounts of the nation, and 
g^aie little control over the expenditure, and afforded to the House of Commons no 
information as to the economical results thereof For instance, tlie estimates gaio 
the sums the House of Commons authorized the various depaitiiKuits to evjiend or 
draw from the public puise or bank. And the Appropiiation Accounts and the 
“ Statement of the Savings and Deficiencies on the giants” gave the actual mom'y 
expended or drawn from the public purse or bank lie maintained that the public 
national accounts ought to go much further than this, and to sliow the application 
and the results of the money thus withdrawn from the “Bank,” and urged, fiom 
the illustrations given as to the Admiralty accounts and expenditure, the great le- 
sults that might bo expected therefrom. ‘ What, it was asked, would be lliought of 
a great railway or other company whose only account presented to its shaieholdi'rs 
was its bankers’ book — which had no capital account, no account of the valiu' of its 
plant, buildings, machiiier}, rolling stock, stores, &c — which mixed togidhei its 
current and capital account (as it must necessarily do under such cih uin^^taiices), 
and what would be the result of .such a system of manageiiK'nt, oi, latln'r, want of 
management ? Any man of business vv'ould at once say that tlieie must necesN.nil} 
be very gieat waste, if not eventual luin to the company. Yet, was tin; Govm’n- 
nient HI a different position in this matter, and could v\e expeit that tlieso (‘vils 
did not exist The answer surely could scarcely bo tlio aflirmative. ddu' paper 
concluded by recommending the appointment of a lloval Gommissioii to inquire 
into and cairy out this stock-taking and v.aluation on om* umfoim piinciplo for all 
departments, so that a Doomsday Book might be compiled as the starting-point foi 
a system of finance and accounts similar to that introduced into the Admiialty, 
by which the Government and the House of Commons would bo enabled to liavc 
the most effective coiitiol over our great annual expenditure Tlic aiithoi aFo 
incidentally refeiied to the ancient Doomsday Book of I'kigland, as being tlie 
greatest achievement of the Conqueioi, and .«avv no leason why it .should not be 
iccompiled on an extended basis. 

Political Economij, Paiqjcnsin, the Lahouc Question, and the Liquor TiuJJic. 

By William Hoyle. 


On the present state of Education in India, and its hearings on tJr^ question 
of Social Science. By A. Jyium-How. 


On Naval EJJlciency and Dochjard Economy. By Ciiaiiles LvMrouT. 


On the Edinhiirgh Industrial Home for Fallen Women, Alnwhlc-Ihll, near 

Liberton. By W. M‘Bean. 

This Institution was established in 1850 for the restoration of young women 
Willing to return to the paths of virtue. It was formed on the piinciple of provid- 
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irif^ for them a small home, whoso aiTaugemcnta might bo more of the nature of a 
ftinuly than larger institutions can possibly be. 

It IS situated about two miles from Edinburgh, in an airy and healthy locality, 
as a pi oof of which sickness of any kind has scarcely, if ever, been expeiienced 
amongst its inmates ; the usual number of them is about 30, although two or 
thu'o moie could he accommodated. 

'I'he superintendents are a matron, assistant- matron, sewmg-mistress, and two 
laundiesses, and the chief employment of the Avomen is washing and laundiy 
woik, with a little iieedlewoik, instruction in needlework being regularly given 
bv the seAving-mistiess llegular instruction is also given in reading, writing, and 
aiitlimctic, with household woik and religious knowledge. 

The Home is always open for the reception of inmates, and it is chiefly through 
the missionaiies, Avhose Avork it is to endeavour to reclaim the fallen, that inmates 
are leceived 

After being a year in the Homo, situations are proA ided for the girls, and an out- 
fit given to them , and, as far as possible, an oversight is kept of them after they 
leaA e the Homo. 'J'he (yonimittee endeavour ns much as possible to send the girls 
to situations at a distance fioni their former haunts, and have on different occa- 
sions piocured situations and sent sev'eral of them to Canada, &c 

The management of the Home is vested in two Committees of Ladies and Gen- 
tlemen appointed by the subsciibers, but the (jenoal management is Aested m the 
Gentlemen’s Committee, who ha\e the control of the funds 

The pioperty of the Home Avas purchased by the Committee four yeais ago, at 
tin' puce of T030, and they haA’O since expended, in making repairs, alterations, 
and additions to it, so as to tit it more completely for the purposes of a Home, close 
upon £‘.)00, the Avhole of Avliich money the Committee haAO been enabled to pay 
thiough extia subsciiptions, c'cc , so that now there is no debt remaining upon it. 
The annual cost ot maintenance of the Home m 1870, as per 
detailed accounts published in the Annual Report for that year, 

AAai ... . £941 11 5 

(Avhieli included £185 4.?. 4^7, the cxpendituie conneiti d Avitli 

c allying on the Avashing Avork), A\heieof theie Avas rcceiAcd from 

the AAoik of the inmates in Avashing, &c 001 13 4 

The balance of £3.19 18 1 

being pioAided by public subsciiptions, ^'c 
In conneMon A\ith this, it is light to .state that nil the Avater lequned for Avasli- 
ing, except the laiii-AAatei fiom the loofs, has to bo carted from a bum about a 
rpiaib 1 ot a mile distant tioiu the Home 

111 the elcAen }('nis fiom 18()0 to 1870, both indusi\e, on an avernge thiity-tAAO 
Aoung AAoinen luiAe annually left the Home for situations, leceived back by fuends, 
Nc. 


Gn ilie Mode for Asscsshtg for the Poor-liaies. By James Meikle, F.8.S. 


On (he AdminiUraiion of the Poor Law. By W. A. PLirREiN, General 

Superintendent of Poor [Scotland). 

It Avas the Avish of the entire community that no one should die of actual star- 
Aation, and theidbie all plans for the distiibution of funds laised tci the lelief of 
the pool A\eie based on the minimum necessary to maintain life This Avas the 
absolute icquiKunent The Poor LaAv of Scotland lequiied needful sustentation ” 
The inteipietation tif that teim was left to the judgment of local administrations, 
and theie Avere 885 sepaiate bodies, each acting on its own responsibility. Their 
dec iMoiis A\eio suliject, on complaint, to the roAiew of a central authonty, insti- 
tuted by Pailiament Uniformity, under such cncumstances, was hopeless, and if 
piacticable, AAOuld not be desirable. Theie was no point to which attention ic- 
quiied inoio to bo given than to the necessity of each case combining in it.'.c'lf 
dcbUtution aud dibuhdiiy. The question of disability was practically more easily 
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determined than that of destitution, and on that point there was the greatest 
diveisity of opinion amongst all classes. The chief advantage to be gained from the 
expedient of a poor-house was, that it enabled a local board to administer the rates 
more satisfactorily to themselves and to the public, by checking in a rough kind of 
way attempts to^impose, and more economically m cases where lodging, nursing, and 
clothing w(To requiied Aftei givmg some statistics and results relating to the cost 
of paupeiism and to illegitimacy, the author referred to the education of pauper 
chitdieii, and said whether local boaids could do more for the education of such 
children than they did, b^ making attendance at school a condition of relief to the 
paieiit, was deserving of consideiation , but the supineness of pauper parents as 
to the education of tlunr children was well known, and it must be norne in mind 
that the elder cliildien were frequently matciial aids m the family struggle for 
existence Haiing made reference to the improved condition of the paupers com- 
pared with that of hfty years ago, and to the provision tor medical aid, costing 
each pansh on an aveiage i‘40 per annum, he gave some information as to Shetland. 
In Scotland outdoor relief was the rule, for twelve who received lelief at their 
own homes, only one would bo relieved at the pooi -house lie concluded by stat- 
ing that it was "an advantage of the Scotch system of Poor-Law administration 
that every lecipient of lelief was personally known to and visited by local respon- 
sible officeis, controlled by 88/5 separate boards, representing all interests , and 
that it was of the utmost importance to all that these local boards should bo coii- 
etituted so as to secuie an impartial, intelligent, and humane administiation. 


On the lUegitimacif of Banjfshh e. By George Seton, Advocate^ M A. Oxon., 
Sccntro'y ni the General Beyistry Ojflce of Births, cjc. (Scotland). 

Pt(fato) y Note — Since I undertook to read the following paper, winch relates 
to the foiii veais ending 18(>1, 1 have not had time to examine in detail the Banil- 
shiie Ihith Pegisteis applu able to a latei peiiod, but I h,U('niade such an inves- 
tigation as to Miti>fy myself that a collation of the books peitaining to the four 
y(\ars ending 18(10 (the latest a\ailahle lecoids) would establish stiikingly similar 
lesidts. This v\ill appeal from the tabulai statements contained in a supplenieii- 
taiv appendix, to which I shall afteiwaids lefei.” 

This paper gave elaboiate details legarding the illegitimacy of PaiifTshire during 
the foLii }ears ending 1801, and embiaced a supplementary appendix relative to the 
four >eais ending 1800 

It showed, intet aha — 

(1) That the number of illegitimate biitbs recoided in the 8 dicinons, 33 
counties, and 1020 legistration distiicts of Scotland has been published in the 
quaiteilv retuins ot the llegistrar-tJeneial since the }oai 1807 

(2) That dunng the loui yeais ending 1801, the noiUi-i'astcnn divi'^ion of the 
comiti}, ('lubiacing the counties of Nairn, Llgin, Banll, Abeideeii, and Kincaidine, 
fuinished the laigcst propoition of illegitimate baths, while the noitheiii diiision, 
embiacing the counties of Slietland, Oikiiey, Caithness, and Sutlieilancl, exhibited 
i\\o .smaUest propoition, the maximum aveiage b('ing 14 7, and the mmimuni 5*3 
pel cent 

(3) That of the counties, Tluring the four yeors in cpiestion, Banff took the 
highest, or lathm the lowed place in lespect of illcgitimacv, sbowing an aveiage 
of V eiy iK'aily 1(5 per cent , the ratio foi Scotland geneially being 0 per cent , while 
that of certain otnei northein counties was only 3^ pel cent ^ 

The countv of Banfl (mibiaces twenty-six legistiatioii disliicts, with a popula- 
tion of 5(),020 at the Census of 1801, dining which and the tliieo preceding ycais, 
7517 baths weie registered, of which 1189 weie illegitimate , in other vvoids, 
about one in ciei y si i of the children lecoided was boin out of wedlock “|In the 
case of 389 of these illegitimate children, oi neaily a thud of the whole, tlu' pa- 
ternity was ai knowledged at legistiation (17 & 18 Vict c 80, § 35) , in sixty-four 

* In 1868 Xirkcudbnght was slightly above Banff m respect to illegitimacy, showing 
17 5 against 17 3 per cent , while in 1867, Wigtown w'ns 17 9, Kirkcudbright 15 7, Aber- 
deen and Kincardine each 14 9, and Dumfries and Banff each 14 5 per cent 
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instances the paternity has been subsequently found by Decree of Court, and 
recorded in terms of the Statute {Ihd.) , and m twenty-eight cases the children 
ha\o been legitimated by the subsequent mairiage of their parents, such alteration 
of status being also duly registered (^Ihid § 86). In a few instances, the judicial 
hndings relate to children whose paternity was acloiowled^ed at registration, from 
wliicli it would appear that, notwithstemding the reputed lather’s adhibition of his 
signatiue to the register, the mother is occasionally induced to laise an action 
against him. 

“ The mothers of no fewer than 571 of the 1189 illegitimate children (very nearly 
oiio-lialf) aie registered as being domestic servant, 210 as faim 8e7vants,22 as mdh~ 
nci 8 or dt < ssmalei s, and 80 as tvashei xiomcn, hawLei s, and other miscellaneous avoca- 
tions, while in the case of 844, or more than a third of the whole, the occupation 
IS not speciiied * In seveial cases the motheis appear to have been tvidoivs, and, m 
a few rare instances, xnanicd xvomen living apart fioni then husbands. 

^^Froin notes by the Distnct Evanimer, it appeals that the mother of one of the 
illegitimate children registered at Keith m 1800 is a pauper, and has given birth to 
file illegitimate children, while the mother of one oi those registered at llothie- 
niav, in the same year, is living idle at home, and has given birth to four illegiti- 
mate children ” 

\"ery considerable ditTercnccs in respect to the amount of illegitimacy present 
tliemselves in the diffeieiit districts, the maximum rate being upwards of 25 per 
cent , and the minimum as low as 0 or 7 per cent. As a rule, the .sm-irtu/^/pansnes 
have a lowm piucmilage of illegitimacy than the inland ones. Neither the excess 
of leuiah'H over males, nor tlie comparative number of houses and windowed 
rooms, as ascei tamed at the Census, appear to afford any satisfactory solution of 
the dilleieiiees in question. Dut with reg.ird to the county generally, the compa- 
rativ e ])aueity of mairiages may, pei haps, have something to do with the largo 
amount of illegitiniacy. 

The paper concluded as follows — “ In a paper which I published in the year 
1800, 1 ventuied to suggest a variety of causes as accounting for the illegitimacy 
of Scotland generally In the present paper, however, it will be obseived that I 
have almost entiiely conhned my lemailis to a statement of facts, from which I 
iiiclme to tliiiik that no veiy sati^factoiy deductions can be drawn, in the absence 
of stu h detailed information as could only bo obtained from a carefully conducted 
local inquiiy 

“ I'hen the b(>st distiicts m Scotland have loom for improvement in the matter in 
question, and heie, in the metiopolitan county, vve have not much to boast of I 
tieely acknowledge tho tendenev which prompts us to shut our eyes on our own 
phoitromings, and to call attention to those of our iieighours, but on the present 
occa''ion, 1 thiiili; it will bo admitted that tho great and continued pieemmence of 
D.uilishnt' 111 tho matter of illegitimacy is a sutlicient wanant for my having 
seh'cted that county as the subject of my remaiks.” 

The paper was accompanied by seveial tabiilai appendices, and also by a series 
of extiac ts healing upon the subject from the notes appended by tho Kegistiars to 
th('ir qiiaiteily leturns. 

0)1 the K.i'pediency of recoidtmj Still- BtrtJis. By Glorge Si/roN, Advocate, 
M A Ocon , Secretai y xn the, Genex'al llcyxstry Office, of Births, (Stotland), 

This ji.qier mentioned that, while these biiths are recorded in France and some 
othei continental nations, they are not legi^teied either in England or Scotland. 

It show ('d, i)i(c) aha — 

That the .^tatihtics of the subject are very imperfect 

That under the old and unsatisfactory system of registiation in Scotland, a con- 
sideiablc numbc'r of still-bnths appear to have found their way into the parochial 
records 

That, estimating the still-births in Scotland at 4\ per cent of the total births, 
their present annual number would amount to upwards of 5000. 

* A more general registration of the occupation of mothers of illegitimate children is 
now effected m Banffshire and the other counties of Scotland. 
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That the’ still-biiilis in Glasgow dining tlio three years ending 18*52 were cal- 
culated hy the late Dr. Strang to have amounted to 1 m 12, or upwaids of 8 per 
cent.* 

That in France their proportion amounts to between 4 and 4-1 per cent., and in 
Pans to about 71 per cent. 

That the ordinary proportion among legitimate clnlclren is leckoncd to be from 
1 in 18, to 1 in 20 of all births, and among illegitimate childien three times gieatiT. 

That many more males are still-born than temnles, mz 140 to 100, and that 
still-birtlis aie nioie fiequent in lirst than in subsequent piegnancies 

The paper also referred to the dilhcultv of delimng the teini “ still-biitli , ” to the 
opinion of medical practitioners that the K'gistiation of still-biitlis oii^iht to bo 
confined to childien bom ‘‘Viable/’ or with a capacity to Ine, to the INlemoiiul 
addressed to the Degistrar-Geiieial of Scotland b_\ the lloial College of PhisKiuiH, 
Edinburgh, in 1858, in favour of the legistration of still-births , and to the sup- 
posed pie]udico ill the upper and middle lanks of society against such legistratioii. 

The paper cmicluded with the tolhn\ ing statement — 

“Prejudice or no prejudice, the question to be decided is simply this • — Is it ex- 
pedient that these birtlis should bo registeied^ While I wisli to speak with gient 
deference on a subject respecting which a law\er is piobablv not so well qualilied 
as a medical practitioner to expiess an opinion, and notwithstanding the Aciy 
decided views to the coutraiy of my ("-teemed fiuiid the I’ogistiai-Geiieial 
of England!, I have no hesitation in saying that I luue long thouuht that the 

S osal of the College of Physicians should be cairied into clleet a-, a m.ittei of 
ic policy. 

“In nis able pamphlet on ‘ The Law of the Coionei, and on Medical E\ nh iice iii 
the Prelimmaiy Investigation of Ciiniinal Cases,’ published in 1855, Di (h.iig, of 
Patlio, says, ‘Another appaient st(>p in advance is an enactmmit in the New S( ol( h 
Ilegistration Bill, which came into full opeiation on the Bt of Jaiiuai), 18.15, 
where in cases of new-boin children cxposi'd or found dead, or in ca''( s ol peisoiis 
found dead, a repoit is to be sent to the Biocuiatoi Fi-ca], who, ‘ in ( ase of a I’le- 
cognition,’ IS to report to the Kc^gistiar befoie he can entei the ca^'C in tin* ic'gibtei 
The birth and bunal, however, of still-boin children are not to be legi.stc'K'd , and 
thus every facility is afforded for concealment ot pregnancy, and for the ciime of 
child mmder.’ 

“ In the interests of medical science, moicov ei, I think it cannot be doubted that 
the births in question ought to lie duly iiuoich'd , and now tliat ve lia\e m each 
of the three portions ot the United Kingdom a national system of K'gidiation, 
moie or less pcifect, the fadhty of doing so is veiv laigidy inciea'ccl It no 
doubt de.siiable that a iinifurni pi ocedure should be obsened in tlu' thu (' kingdom'^ 
Already, however, in various important lespects, tlu* tlireo sy. stems ot legistialion 
materially clifiei , and, accoidingly, m the matter in {pie''tion, it iniglit pei]ia]is be 
worthwhile to make the expenmcml, in tlie liist instance, in tlie conqiaiatn c'ly 
small spheie of Noith Britain, leaving England and Iieland to lollovvg if the expe- 
riment should prove a succe.«s Whether or not fie^-h legislation would be iieci's- 
sary i.s, I think, open to question Sjieaking geneinllvq it appeals to me tliat the 
registration of still-births is not excluded in the exulting ^-tatute Weii' il otlu i- 
wise, the regulation relative to the non-iegistiation of still-biiths would be alto- 
gether unnecessary. If, however, the fo)m of legistiation to which I shall pie- 
sently allude w'cro to be thought expedient, it would piobably recpuie the inter- 
vention of the Legislature, m the shape of a short supplemental y Act 

“As to the mode of practically canying out the regi.stration of still-biitlis, I am 
quite prepared to oiler a few suggestions. On the assumption that the medical 
laculty are agreed upon what ought to bo legaided as a still-biith, and that it is 
found feasible to give intelligible instiuctions upon the subji'ct to the Itegistiais — 
upwards of 1000 m number — the first point to be deteiniined is, ihe lajisU) vi 
winch the entries ought to he made. As I have already stated, the practice in 
* Probably loo high an estimate 

t See printed paper, dated Gth .July, 1800, entitled ‘ Kcinarks subimtlcd to 11 o (Viisi- 
deration of tho Koyal Sanitary Comnusgion by the Eegistrar-Qcncral of England i ud 
Wales.’ 
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Fiance is to record still-births in the death register, and this course, I apprehend , 
18 nppio\cd of by some medical practitioners and others in our own countiy. liut 
I leiiture to lecommend a ditterent plan 

It will peihaps be alleged that the events in question must bo regarded as either 
birtlis or deaths, and registeied accordingly , i c. either in the biith oi in the death 
legister. If the question is to bo thus limited, I should incline to prefer the hith 
to the death register, inasmuch as a still-brith (aiinot bo seientificallv legaided as 
a true death , and is, indeed, more of a birth than a death lint it does not appear 
to follow that still-biiths should find their way into either the biith oi the death 
registei. For many reasons, a kepatate ie(fuste7 , specially prepared for the puipose, 
would be the best aiTangement — to be transmitted from time to time to the (Gene- 
ral Ilegistiy Office as its pages are tilled, and not ammalbj as in the case of the 
duplicate registers of biiths, deaths, and maiiinges It appears to be quite unue- 
cessaiy that such register should be hept %u duplicate^ and at the end of (‘\eiy 
quarter the number of still-biiths would be reported by the llegistiar in his return 
of biiths, deaths, and mairiagcvs As to the fo)m of the register, I would piopose 
that it should enibiaco the folloiving particulais . — 

1. Number of the entiy. 

‘^2. Sex of child. 

.‘3. Date and place of birth. 

4 Age of child in months and days, fioni date of conception 

5 Number of the mothei's piegnamy, \\helhei tn^t, second, &,c, and whether 
she has had any previous still-born childien, 

‘^0. Names, ages, and designations of the parents, and the date of their nuu- 
riage. 

‘^7. Signature of the informant. 

‘‘ 8 Date of legistiation and signatuio of llegistiar 

As to the at/e of the child, probably coiisidciable dillicultv v/ould bo o\peiien( ed 
in ascertaining this particular The piecise period of conception, and const'quc'iitly 
of gestation, cannot be determined bv the date' of inteicoiiise, and the real dura- 
tioii of pregnancy is, of course, the intenal between conception and paituiition. 
In most cases, howe\ei, a sufficiently near appioximatiou to the truth would pro- 
bably be attained 

As to the party who should sign the register ns informant, this migdit be the 
duty of the medical piactitiouei oi othei piofessional peison m attendance, and 
wheio no such pc^rson wms m attendance, the nearest female lelatne of the mothei, 
bc'iiig of full age, piesent at the birth. Another course w'oulcl bo for the medical 
attendant to transmit to the llc'gistiar, as in the case of a death, on a form sup- 
plied foi the purpose', a ceitificate relatne to the still-birlh, the cw ent benng le- 
coidcd undei the pio\i«ions of the statute applicable to births generally (17 & 18 
Vict c 80, ^ 27) In lieu of the cxtiact furnished to the infoimant of a li\ing 
biith, in terms of the .‘)7th section of the Kegistiation Act, the llegntrai should 
bo ic'quired to gi\e a burial certiticate, analogous to that furnished to tlie infoimant 
of a death (Jhul § 44) It is to be feared that undc'r the c'xisling stale of ailaiis, 
many still-born children are interred not in ccmetc'ries, but m back giccnis, w'atci- 
holes, r|uaiiies, and such like places, being treated as brutc-bea-ts and not a-j hu- 
man beings 

“The subject appeals to bo a very impoitaut one, and I humblv commend the 
suggestions wdiich I ha\e -ventured to ofter to the favouiable consideration of 
statists, philanthiopists, and the medical profession.” 


On lO'tahi Cases of Questioned Legitimacy under the Opeiatton of the Scottish 
Jiigistiution Act (17 4' Vict. c. 80). By Deoiiof SnroN, Advocate, M A. 
Oxon., Secretary m the Geneial licgistiy Office of Births, ifc, (Scotland), 

“ It 13 a wise father that knows his own child .” — (Mci chant of Venue ) 

This paper had reference to the subject of adulteniio bastardy. After alluding 
to the w’eil-kiiowni legal picsuinption wdiich assigns the status of legitimacy to a 
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child bom in wedlock paler esi quern nuptice demonstranV^), to the circumstancea 
under winch the presumption may be overcome, and to the statements of Stair 
and Erskmo upon tin* subject, the author said • — 

‘‘The histoiy of the law of legitimacy is fully detailed by Sir Hams Nicolas, 
in his woik on the ‘Law of Adultenne Lastardy while the present state of the 
law is set forth in the works of several well-known authors, including the treatise 
on the ‘ Eiidenco of Succession,’ by Mr. Hubback (p. 393 ct seq ), and the ‘Law of 
Evidence in Scotland,’ by Mr. Gillespie Dickson (vol. i. p. 190 et seq ). 

“The usual ground on which the presumption of legitimacy is oveicome is the 
non-access of the husband within the period of gestation Actual proof of such 
non-access is all that is now required both in England and Scotland, in other 
word -I, it IS no longer necessary to establish the physical impossibility of tlie lius- 
band’s access, by proving the intervention of the ‘ quatuor mm la ’ According to 
Mr Hubback, the eaily writers (including Bracton and Fleta) recognize no .such 
doctimo as that of the quatuor maria , and, accordingly, he asserts that ‘the law 
as now settled in its repudiation of this doctrine, is m conforniity with the most 
ancient authoiitie<? ’ Even Lord Eldon remaiked that the law had been scrupulous 
about legitimacy, to the extent of distiuhing the rules of reason, 

“A somewhat difficult question occasionally anses m connexion with the legal 
presumption of legitimacy, undei the operation of the Act relati\e to tlie llegis- 
tration of Bn ths. Deaths, and Maniages m Scotland (17 & 18 Vict c 80). The 
form in which births require to be recorded is proscribed in Schedule (A ) annexed 
to that statute The lint column of the register embraces the ‘Name and Sui- 
namo’ of the child, and the fouith column the ‘Name, suiiiame, and rank or pio- 
fession of the lather,’ the ‘ Name and maiden surname of the mother/ and the 
‘ Date and place of mariiago ’ 

“ The^e latter particulars, of course, only apply to the case of legitimate children, 
the entries applicable to illegitimate births being modilied accoiding to circiim- 
staiiices, and the woid ‘illegitimate’ being enteied under the child’s name in the 
first column of the legistei 

“In the case of a legitimate birth, the piiniary infoimant is one or other of tlie 
child’s parent^, whom failing (in consequence of death, illness, ui in.dnhty) certain 
other spec died persons .Such paient or other infoimant is ii'quired within twenty- 
one dajs after tlie biith, and under a penalty of twenty shillings, ‘ to attend pei- 
sonally and gue information to the Registrar of the paiish or distiict m whicli the 
birth occuii('d,di the hc',t of his oi hei knoivledge and belief , of the seveial particulars 
required to he registered touching such birth, and to sign tho register in the pre- 
sence of the Registiai ’ As a general rule, the Registiar (whoso duties aie, of 
course, purely ministenal) experiences no difficulty m lecordiiig the biiths reported 
to him eithei as legitimate or illegitimate, accoiding to the stati'inent of the infor- 
mant SometiiiK's, howe\er, a doubtful case piesents itself, usually under tlu^ fol- 
lowing eiicumstances A mariiod woman attends at tho Office of the Registrai, 
and infoims him that she has given biith to a child, of wliidi, however, she 
solemnly declares that her husband is not the father, adding that she has not had 
any inteicoursi' with him for a long period, perhaps two or thieo yeais, at any 
lato for upwards of nine or ten months prior to the birth of the child It ma/ bo 
that, during that time, the husband has been living at a distance fioni his wile, if 
not lesidmg out of the kingdom , and possibly the paternity may be acknowledged 
by the paiamoiu She makes this statement, in tho words of the stutute alieady 
leferred to, ‘to the best of her knowledge and belief.’ Under such circumstances, 
xvonld the Regi^tiar bo entitled, m virtue of the legal presumption, to disregard 
tho statement of the mother, to recoid the child ns legitimate, and to insist on the 
mother signing the relative entry as informant’^ In other words, how are wo to 
reconcile tho conflict between the legal presumption in favour of the child’s legiti- 
macy with the mother’s deliberate assertion to the contrary? Tho ordinary prac- 
tice of the Registrar General is to send a pnnted schedule to the Registrar who 
reports a bu'th occurnng under such circumstances, of which tho following is a 
copy .— 
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^^INFORMATION to be supplied before the Registration of the Birth of the 
alleged Illegitimate Child of a Married Woman. 


1. Date of Birth 

2. Christian and Maiden Name of IMothor 

3. Name and Designation of her Husband 

4. Date and Place of their Mariiage . . 

5. Wheie did they respectively reside be- 

fore Maniage? ... . . . . 

0. Are they still residing together ^ If 
not, when did they cease to do so ^ 

7. Where have they respectiv’^cly lesidod 

since that date ^ 

8. Ilav e they had any personal communi- 

cation since the date of then cea^'ing 
to ic'side together, and if so, when 
and wlieio ‘^ . . . . 

0. Does the Ilush.ind concur with the 
Child’s Mother in her statement as 
to its illegitimacy ^ . . . . . 

10. Is the Patel mty ot tlie Child to be ac- 
Iviiowledged by any othei Person, iii 
terms of the 35th section of the oii- 
ginal Registration Act If so, state 
ills Name and Designation . . . . 


I iieredy certify that the above Information has been supplied to me, as 

Registiar of tlu' Paiish (or Dntiut) of ; 

in which the Biith occuried, by* ^ 


_lle(jisti ar. 

Date __ 

“ The diiections as to the form of the relative ciitiy depend, of course, upon the 
answeis supplied, but in tluMiiajority of the cases submitted for consideiation, 
wlnu'e the statement deaily indicates the impossibility of the husband being the 
fathei, the diild is des( iibed, m the lii^t column of the Regi'^tei, by its mother’s 
maiden and iiiairied smnanu's alternately, without the addition of the word ‘ille- 
gitimate,’ wdiile in column four, the name of the husband, and the date and place 
of marriage aie omitted, and the iiiothei thus described — ‘ Maiy Blown, wife of 
David Wilson, shoemahei, wlio she (the infoimant) declaies is not the fathei of the 
child, and fuithei that she lias not seen lier husband for upwaids of (sav) two 
vCHis ’ Such an entry, no doubt, alToids puiva facie evidence of tho child’s ille- 
gitimacy, and at a distant peiiod it would piobably bo somewhat diihcult to over- 
come the presumption On the othei hand, however, the circumstantial statement 
in column 4 distmctl}" sliows that the child was born in wedlock, its alleged illegi- 
timacy being legist ered on the infoimation of its own mother , and such informa- 
tion being tendered ‘to tho be^t of her knowledge and belief’ If, however, the 
circumstances aie such as to indicate oppoitumty of access to the husband, or 
otheiwise suggest a piesumption in favoiii of the child’s legitimacy, tlie Registrar 
is instructed to lecorci tho birth as lec/ifimate in the oidinarv way, even in the face 
of the mothei’s assertion to tlie contraiy, and if the husband, or any other in- 
terested paitv, should feel aggiieved by tho foim of the entry, he is, of couiso, 
entitled to take steps for its correction, in terms of the statutory provisions.” 

* As a general rule, most of tho information will be furpished by the child’s mother. 
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On Indian Statistics and OJjUctal Jie2yoi'ts. By Dr. George BMiin. 

The eight years’ administration of the Marquis of Dalhousie, wliicli closed in 
1850, was the beginning of intellectual progiess in Dritish India. On the conclu- 
sion of his splendid series of t onquests, and even, to some extent, duiing their 
continuance, that distinguished (hncinoi-Geiicial set in motion all those reforms 
which aie iniolved in the railway, the teleginph, the anna or thiee-halfpeniiy 
postage, piiinary schools supported by a local cess, the Umver.sities and the higher 
education, such scieiititic and political expeditions as Colonel ^ ule’s Mission to 
A\a, the Geological Suuev, and such enlightened legislation as the Acts estab- 
lishing religious and civil toleration, and peimitting the maiiiage of Hindoo 
widows. Duiiiig his administration, when reviewing the Charter of the East India 
Company for the last time, I’arliament directed, in 18od, that liepoits of the moial 
and mateiial progiess in India should be submitted to it e’veiy ^ear Each I'lo- 
vince and each Depaitmeut has since published an aiiiiutil lepoit, the whole num- 
bering fiom eight to twelve 

Led by professional duties to study these lepoits, and frequently to criticise them, 
the authoi w^as struck by the absence of umfoiniity and the meagiene^^s of tlieir 
statistical and economic infoimation The discussions caused by the Mutiny of 
1857 had showm England the need of accuiato infoimation K'gaiding India, and 
the annual Budgets, tiist introduced by the lamented James AVilsoii in 1851), had 
convinced the Gov eiiinieiit of India of the necessitv for statistical infoimation as the 
basis of financial and political action Still no leloim was attempted till, in 18(i-‘5, 
the author submitted to Mi S Lamg, then Indian Finance IMinistei , a iiKunoiial and a 
plan on the subject The author adapted to India tliescieiitifu scdicme of statistics, 
published by the International Statistical Oongiess, which had sat not long before, 
and recommcmded the appointment of a permanent committee of oflicials and non- 
officials to advise Goveinment on statistical questions. An attempt had previoiislv 
been made to establish a Statistical Society independently ot Goveinment, but that 
had failed On Mi Laing’s advice Lord Elgin was nleasc'd to adopt the snggevs- 
tions, and to appoint what has since been known as the Calcutta Statistical Com- 
mittee to cany them out 

That Committee, working vigorously at first, divided the vvdiolo field among 
small subcommittees. Mr Bullen, a well-known mei(hant of Calcutta, adapb d 
the English Board of Trade tables, so that the Einaiuial Depaitnient is now able 
to publish detailed tiaclo returns from the mo^t distant parts of India ev I'ly inonth, 
ancl only a few weeks alter the clo=:e of the peiiod to wlin li they lelei. An annual 
volume IS also published. Ihc dilHc ult and coniplicati'd subu'ct of the statistnc^ 
of revenue and expenditure was referred to Mi B H 1 lolhngbery, Absistant- 
Secrctary of the Einancial Department, so that that department now publishes 
annually an invaluable senes ot three folio volumes, showing the past and piesent 
statistics of Indian finance in great detail. 

The subject of administrative statistics, other than thohC of tiacle and finance^, was 
refened to the Hon. Mr. George Campbell, now the able Im utenant-Goveraor of 
Bengal, and to the author. The committee were pleased to adopt the author’s plan, 
adapted fiom that of the Statistical Congress, which, how'evei, did not piovido for 
judicial statistics. Mr Campbell, then a Judge of the Bengal High Couit, piepaied 
an admirable series of tables for that department, but the Goveinment of India was 
constrained to appoint a special toiiimittec to deal with the courts of th(‘ other 
Provinces as well as of Bengal The result is that nothing satisfacloiy has j ( t 
been done for judicial statistics, and no leliable unifoim geneiali/ation can bo 
made regarding litigation, crime, and police m India In all othei lespects, how- 
ever, tho statistical forms seem to be perfect The administrative tables vveie 
referred to the Provincial Gov einments, and, after nuclei going seal clung and some- 
times hostile cnticism, because they seemed to inteifero with local ariangonn'iils 
and to demand an establishment of cleiks, they w'ere finally appioved of by tho 
Government of India and the Secretary of State in 1807 That is, eacJi of tho ten 
Provinces which send in annual administiation lepoits, was oidoied to rcpoit on 
the basis of these uniform and scientific tables. Since 1807-()8 all have obeved, 
except the three most important — Bengal proper, Madras and Bombay. The hist. 
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owinpf to tho perpetual settlement of its land revenue and the absence of a link of 
oilieials between our civihiins and the people, has always been statistically unsatl^- 
factory , but we may depend on Mr. Campbell mtioducinf^ the reform there also, so 
far as possible. No countries in the world possess such nch statistical mateiial, 
which could bo made easily available, as Madras and Bombay. But the Reports of 
the latter are tho worst in India. It is to be hoped that the Government of India 
will see that its orders are carried out so as to work these Provinces into the 
unifoim statistical system. That system is as follows in its mam heads — (A) 
Statistics ot Plnsical, Political, and Fiscal Geoj^raphy. (B) Statistics of Protec- 
tion. (0) Statistics of Production and Distribution. (D) Statistus of Instiuc- 
tioii (E) Statistics of Life. Tho tables aie meant to include all tho Ibd Feu- 
datory States, but except in those cases where a minority has put the State under 
diiect British management, the Chiefs as a rule passively resist all attempts to 
obtain statistical information regarding their estates and revenues. 

Still tho refoim thus wrought by tlie Calcutta Statistical Committee has been 
immense. To say nothing of the elaborate penodical statistics of tiade and finance, 
there are published m India eveiy year, about August, some ten volumes on the 
ten Province's of India, and seven of these volumes contain uniform scientihc tables. 
It has thug been possible, during the last three years, to obtain an almost complete 

f ictuie of the piogiess and condition of the 212 millions of Hindoos, Mussulmans, 
loodhists, Chiistians, Non-Aiyans, Parsees and Jews whom we rule, and for whom 
]'lngland is respon-'ible, in Southern Asia 

The gieate‘=jt statistical want of India is now a uniform census of the whole 
population. Until recently, as still in the three oreat Provinces of Bengal, Madras 
and Bombav, the numbei of the population was armed at by multiplying the 
niiuibei of houses by ti\e, and this duty was entrusted to an uneducated police. 
But of late much more caiefiil enumerations of the people lia\ e been made, showing 
that on tho nioht of tho 10th .Tanuarv, 1805, there were 30,000,008 in the Noitli- 
Wi'^loin Piovince^ , that in 1800 theie were 0,008,103 in the Cential Provinces, 
that in 180.S theie vi'io 17,011,45)8 in the Punjab, that in 1805) theie were 
1 1,2 12, .308 m Oudh , that in 1807 theie were 2,220,074 in Berar , and that m 1800 
theie ^ve^o 2,35)>,5)88 in Blltl‘^h Burma. Assuming tho coirectness of the I’arlia- 
nu'iitaiy letuiii of the population of non-feudatory India, England rules 212,67 1,021 
pi'ople m ten ProMiices, containing 221 distiicts or counties, and in 15 { states, 
covering an aiea of 1,577,008 square miles. Tho density rangi's from 474 per 
sqiiiin' mile in Oudh to 20 in British Buima. Over all India it is 13.5, in feudatoiy 
India alone it is 80 

Jk'sub's tho Annual Administiation Reports, tho Government of India, the ten 
Piov incial Adminihtiatioiis, and the gieat Departments issue tiequent Repoits, some 
of them ol tlie highest value All may be consulted in the gairets to which tho 
India Odlce m Westmiiistc'r banishes its line Libraiy and Museum, as well as tho 
weekly repoits on the native pi ess, and a copy of eveiv vvmik published in India 
and legi^ti'U'd iindi'r the Liteiature Act But the Government ot India is most 
liberal in dislnbuting its repoits If any great .Vssociation or Ijibrarj desires a copy of 
each as it appeal s in India, an agent ‘ihould be appointed for its leception in Calcutta. 
Before the late Mr Ilalkett’s ueatli the author had the satistactiou of obtaining 
fiom Lord Mayo’s Goveinmcnt a promise to present a copy of every Report to the 
Adv'ocntes Inbiaiy of Edinburgh The Goveiniiieut of India has eveiythmg to gam 
from the widest publicity. Tlie Repoits of its great Surveys and of the settlement 
of tho land levenue of every district out of Bengal, are mines of valuable infoi- 
ination regaidmg the country and the people. Much of this is being utilized m 
tlie Gazetteers which are being prepared in every Province. 

A Director of Indian Statistics has recently been appointed by Lord Mayo, and a 
Census of all India is about to be made. 


On the Scientific A'^pects of Children's IlospUals. By William Stephen.son, 
M.D,, F.li.C.S. Ed., Phys, to Hoy. IIosp. for Skh Children, Ednihuryh, 

A peculiarity of Medical Charities is that they exist not only as benevolent in- 
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stitutions, but occupy a very important position as fields for scientific inquiry, and 
as moans for increasing' and dmusing medical knowledge. This double nature 
brings them directly under the recognition of a scientific association such as this, 
whose great aim is to develope the high function of science — the promotion of the 
welfare of mankind. Some details regarding the Royal Hospital for Sick Children 
were given. It contains 74 beds, 32 for ordinary patients and 42 for fever cases. 
There is also an outdoor or dispensary department. Tlie patients have likewise 
the benefit of the Con\alescont House at Corstorphiue No letters of introduction 
aie requiied — the doois are open to all who are sick and young The liability to 
abuse whicli this peculiaiity gives use to was pointed out, and how it lets in the 
cmI of indiscriminate chanty 

Impoitant as is tlio question of the proper administration of charity, it is the 
scientific economv of the subject whicli falls nioie directly under the recognition of 
this Association As chanties, our hospitals for children have ah eady reached a 
full iiiatuntv, as scientific centres their de\elopmont is still iiupeilect and stunted. 

The scientiiic rcquiiemoiits piove the necessity foi childieirs hospitals as sepa- 
rate establishments To arrive at any impoitant clinical results, requires the 
grouping togeth(*r of laige numbers ot cases, siu h as only can be done in hospitals 
of considerable size 'J’liey must be also iiiidei the care of able men, who should 
be enabled to den ote a large share of then time to the special work In both these 
respects the pi ogress of medical science is still greatly letarded in this country. 
Our childieii’s hospitals aio too small, and in London the tendency at present is to 
niultipl\ the number, rather than increase the size of those alieady existing, to the 
proportion comnumsiirate with the requiiements of science. Much may be said in 
fa\oui of small ijenetal hospitals, but there alieady exist the necessaiy large insti- 
tutions of this kind, and were those divided, science w'ould siillei in propoition to 
the subdivision 

On the Continent children’s hospitals have for years e\isted on a scale wdiich it 
is hopeless ever to expect in this counti^. Rut it is to tlnmi we are indebted for 
much of our piesent knowledge of inlantile ])atholog\ , and on this account our 
ideas still bear a foreign stamp, which does not piepaio us lor the modifications which 
climate, mode of life, and national difierences pioduce in the natuie of disease 

One of the great objects in establishing the Childien’s Hospital w^as to meet tho 
want in the Ildmburgh IVIedical School of proper “ appliances for afioiding sub- 
.stantial assistance and practical instruction in the disiaases of childien.’’ That 
defect has been supplied, tho public has nobly done its shaie m the woik, and 
regular instruction is now gi\en to the students who aiail themselves of the oppor- 
tunity. Rut at the same time no advance has yet bemi made by our Universities 
or Licensing Hoards of the country to give that lecognition to the subject, without 
which the resources thus supplied must remain very partially taken ad\antage of 
by our students. It is an anomalous fai t that medical men obtain their diplomas, 
and go forth to practise, without having received any special instruction in that 
department of their profession which is to foim two thirds of then patients, and 
which relates to the causes which aie producing the gieatest moitality in the 
country. Special instruction in the phynological, pathological, and clinical pecu- 
liarities of childhood holds no real place in tho cuiiiculum of study assigned to 
medical students, and they pass from our schools ignoiant of the simplest points of 
infantile hygiene, or the character of the most impoitant constitutional affections. 

This constitutes tho great barner which exists to tho full development of one of 
the great objects which have called our children’s hospitals into existence By the 
removal of it alone can we expect to combat with greater success, with the widely 
spread, the far reaching in point of time, and giicv'ously fatal inlluences, which 
stnke sorrow into our hearts, and carry suffering to those who are denicst and most 
dependent upon us. 


On the Relation hetiveen British and Metrical Measures. 
By G. JoHNsroNE Sioney, F.R.S. 
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On the Manual Labour Classes of England^ Wales, and Scotland. 

By W. Tayler, F.S.S. 


On Census Reform. By James Valentine, of Ahei'deen. 

The object of this paper was to advocate the more frequent takini^ of the census 
of the people, and some changes therein, especially in the case of laige towns, in 
order more particularly to ensure a broad and sound basis for oui vital statistics. 

The author suggested that the following arrangements should bo adopted — 

1 A census, confined perhaps to the numbers of the people, the sexes, tlie ages on 
the classification of the Kegistrar-General’s Vital Statistics — under 5, 5-20, 20-G0, 
CO and above ; and perhaps the numbers at work and at school lespectively should 
be taken every year, or every two years. 

2 The census should be taken under the superintendence of local authoiities 
(say town councils), acting with imperial sanction and at local expense 

o. As to the mode of cairymg out the plan, cards might be deliveied to every 
household a week or two before the census-day (say, by the lettc'r-caiin'rs, with 
some assistance, if necessary) , and the citi/iais should be n'quiied to attend at di- 
stiict lecoiding places, and give in these cards, propeily filled up, to one or more 
sworn ofRceis, appointi'd to receive them Those unable to fill up the caul might 
give the particulars vttd voce , or the whole census might be taken and lecoided 
in this way 

4. Each di^tiict might bo a town parish, and there should be m.snageable blocks 
or subdivisions, marked out so that the population and other census paiticulais of 
each be distinctly lecorded. 

5 For providing other particulars, of what the author called sanitaiy geography, 
as regards the dwelling-houses there should be a surveyor, with acce<?s to the v alua- 
tionroll, and the medical officer of the place would find m this piovince profitable 
use for his services in various ways. 

0 The figures, on being summed and duly authenticated, would be tiansmitted 
to the Ilegistrai-CTcneral, and the results adopted by him 

7 Tlieie should, however, be a local publication ol detailed paiticulais, populaily 
staled, and full publicity given to it. 

Sliould this machinery appear at first sight loo elaborate, the present svstem, 
cumbrous and unsatisfactory m several respects as it is, might be continued, but 
with a quinquennial instead of a decennial census, and annual returns piocuri'd by 
some simple machinery made, showing the exact population of a place, with the 
ages at four peiiods of life ; or, again, to reduce the reform to ammnnuin, the pro- 
posed change might apply to towns only, though tlieie is no difficulty about ascer- 
taining the population of a country parish, and it is better to have stiict accuiacy. 


On the Organization of Societies, nationally and locidly considered. 

By 11. Bailey Walker, Manchester. 

The object of this paper was — 1, to show the ineffectiv'eness of the pr( sent system 
of sepaiate societary organization, 2, to suggest an elementaiy stf'p in the direction 
of fuither or n<tcr-societary organization, and to show its national and local appli- 
cation , .% to contrast tlie economy of positive, and the wastefulness of negative 
(opposition) work, and therefore to urge work of a positive chaiactci only, as being 
consistent with a right understanding of social economics. 


On the Law of Capital. By William Westgahth. 

In bringing up this contentious and oft-told tale of capital once more, the author 
said, by way of excuse, that he would try to make it thoroughly practical, and one 
from the merchant’s view rather than that of the systematic economist The awful 
accounts just being received of the effects of famine in Persia show the importance 
of capital to any country. Such sudden and frightful misery could not occur in 
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pre'ience of larpfo capital, simply bocaiiso capital consists to a large extent of tho=e 
lequisites of life that make our daily food. Hence the importanc(', for any such 
emorgoucy, that a country have a largo instead of a small capital, that it carry on 
its business with a large instead of a small current balance of all the things dealt 
in The object of the paper is to set forth the causes by which capital arises and 
increases or decreases in a country, to set forth, in shoit, the law of capital. 

In speaking of Persia, it will be said at once that an element of political or 
social insecurity readily accounts for a permanently small capital. That is both 
true and obvious, and therefore the author confined himself to countries that are, in a 
general way, of equal civilization and security, in order that our law of capital may 
more clearly show itself. Take then most of the European States, and aveiage 
them respectively in tlieir soils, forests, mines, in their respective climates Their 
industry is all thoroughly organized, and the respective governments, although 
politically unlike, may bo assumed as equally protective of the piivato rights of 
property. They seem thus fairly matched for tne commercial race, and jet they 
arrive at very different results, for some have come to much gi eater wealth than 
others. Our own country in particular has leached a surpassing position in this 
respect, with capital ever ov'orflowing to make up the deficiencies of its neigh- 
bours 

When we ask for the causes of this in countries that, as we saw, appeared so 
equally balanced in the substantials of the race, we shall find one dis'^iinilar con- 
dition that has not been alluded to, namely, tlie mode of a country’s industry or 
trading It is of a moie aggregative or wholesale character in one coiintiy tlian 
another As matter of fact, we can perceive that the more aggregative industries 
carry with them the largest capitals, and our business now is to inquire how this 
13 so IIow does capital aiise, how maintain itself, how increase or dimmish ? 

There is no need at this time of day to explain the economic doctiine of tlie sub- 
division of laboui, by which industry is made more productive That is ostensibly 
and mainly a question of the law of production , but the author deals with the pait of 
the subject that has to do with tlie law of capital Lot us for a moment go back 
to that piimitiMSin that must ha\e pieceded subdivision of laboui amongst early 
mankind generally, and that still lingers amongst existing baibaii'.m Tlieie is no 
trading in that social condition The family, with its fitful industry and its fi'W 
wants, woiks only for it'^clf. The only piopcrty such a society can have is the 
home or tlie homestead of each family, whatever these may bo like. There is no 
exchanging and no exchangeable property, no capital in the commercial sense' 

Eiom this isolative aspect of industrial life let us turn to the other, wnth which 
we are moie familiar With advancing civilization society has lapsed or diifted of 
Itself into labour-subdivision, from a practical perception that its labour-power is 
thus turned to better account. Let us follow this aiiangeinent and note how a 
fund or capital, that had no previous existence, arises out of it. Whoie the family 
no longer .supplies directly its own wants, but is occupied in each case over only 
one or a few ot socictj’s many vaiious requirements, there comes concurrently, of 
course, a system of mutual exchange of products. The different households ot a 
town or distiict fall in this way into intertrading, and by exten.sion of the same 
principle the trading extends by degrees to adjacent commimitio.", to adjacent 
countries, and to the world in general But all this trading requires a trade-appa- 
ratus When the families of a community begin to intertrade, each requires some 
little stock on hand, according to its extent ot custom , others need a factory, or a 
warehouse, or a shop, and a stock in trade is piled up, according to the wants of 
each case When one community trades with another the aggiegation of industry 
and its wholesale dispositions are still more marked, and all the stocks and other 
apparatus of intertrading are on a proportionately greater scale Theie are roads 
and railways for the inland, and shijis for the sea-tiansportations, and gieater 
stocks and machinery and agency everywhere. 

x\ll this may be called the trading expenses They constitute, indeed, an expen- 
sive accompaniment, which would not be willingly maintained by traders, weie it 
not essential to the land of trade they carry on, and were it not paid for, and some- 
thing more, by the progressive economy of production accompanying every such 
step in this aggregative or wholesale direction of industry. This, then, is our 
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law of capital, that the concurrent apparatus of trade is great in proportion to the 
aggregative or wholesale tendencies of a country’s industry, and that every coun- 
try’s capital is substantially this apparatus of its trading. 

To enable any country to attain the condition of relatively large capital, its 
industry must be left as free as possible to take those aggregative forms into wnich 
it is ever naturally impelled by the greater productive results, or, in plainer lan- 
guage, by the larger profits. But here the realities of things present constant 
obstacles, which keep, and possibly ever will keep, some countries poor in capital 
and others rich, although we cannot doubt that each and all would prefer to be 
countries of large means. Even granting that the industrial tendencies and spirit of 
enterprise are equal and alike in the more ad\ anced countries, a proposition, how- 
ever, which we hardly dare affirm, j^et in various other respects tnose forms of 
trading which result m a large capital, are checked and thwaited by the countries 
themselves, now by their revenue necessities lequiring import duties with their 
trade-restrictive eflect, and again by the prejudices and ciTors of those countries in 
misdirecting industry by making these duties protective of home industry. To 
foster home industry at the expense of foreign trade is to restrict the aggregative 
tendencies of industry, and concurrently, as we have seen, to reduce the require- 
ment or capacity of a country for capital. To ^‘protect” the home industry in 
addition, is to impoveiish the country m its pioductivo power. There is thus the 
double disadvantage of a diminished productive power, and a reduced amount of 
that concurrent balance on hand that is regulated more or less by the form of the 
trading. 

The author has not encumbered his argument with the consideration of what is 
called “fixed capital ” ITo has hitherto been treating of “floating capital,” while 
a country’s capital consists of both. The fixed portion is less amenable to the law 
indicated than the other kind , but inasmuch as the amounts that are ever passing 
into fixed capital, that is, into permanent investments, depend mainly on the effec- 
tiveness of industry m supplying the means, and as this depends on the aggregative 
and wholesale tendencirs, the connexion of all capital is thus more or less direct 
with the law lu question. 

In all the foiegoing the question is treated on purely business principles, and 
society regarded as one induidual mteiost, whnli makes nioie oi less of income at 
the year’s end, and has more or less of concurrent cai)ital all along, according to the 
form of tiading The social question is of couise different, and it takes society to 
pieces to ascertain how its many individual components fare comparatively under these 
trading forms. Theauthor did not go into this lattiu* question further than to acknow- 
ledge that the social by no means follows alwavs tlie mendy economic well-being 
Nevertheless it is of the v'ery highest inipoitanco that tlie economic laws bo clearly 
understood, and that in withstanding tluur natuial tendency, or, in plainer words, m 
resisting more or less the couise of ficc tiade, a country is accepting a positive mate- 
rial disadvantage as the coneuirent pi ice oi penalty of whatevei it is aiming at 
socially. Wiien tlie judgment is thus enlightened protective intervention will 
always be the \ery laic exception, and only under the stiictest and most special 
discrimination as to what is protected. This would be altogether a different pro- 
cedure from that blind and indiscriminate piotectivo system with which so many 
countries still injuio themselves, alike by leducing then industiial power and 
diminishing that coiiciinent capital requirement o'r capacity, which keeps a country 
full-handed in resources. 


MECHANICAL SCIENCE. 

Addres'i hij Professor ELiinAirxG JnNKix, F.RS., President of the Section. 

Lvdies and GioMLEilEN, — 111 addicjoiiig vou on the subject of niecbamcal 
Bcionco in our ancient university, I pioposo to spealc on the somewhat threadbare 
topic of technical iiistructioii. The panic with which some persons regarded the 
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rapid improvement made abroad in manufactures has subsided ; but I hope that you 
will bo all the more ready on that account to listen to a few suj^gestions as to steps 
which may be immediately taken to improve the education of those who apply 
science to practical ends. The subject does not owe its prominence to any events 
of to-day or of yesterday ; it has long been, and will long be, of paramount im- 
portance to this country that the education of the producers of wealth should bo 
such as will enable them not merely to compete on advantageous terms with 
foreigners, but rather to master the great forces of nature by which we work. That 
we have gained some tiiumphs can be no reason for relaxing our eftbrts. With 
each advance further advance becomes more difficult, and requires more knowledge ; 
the first rude implements and processes employed by man certainly required for 
their explanation or acquirement no book-learning, but as processes become com- 
plex and implements develope into machines, as the occupations of men diflernioro 
and more, piactice alone is found insufficient to give skill, and study becomes the 
necessary preparation for all successful woik. Our first engineers were not learned 
men , strong good sense and long practice enabled them to overcome the compara- 
tively simple questions with wliicli they dealt. All honout to those great men } but 
we who ha\e to deal wuth more complex, if not with vaster problems, cannot trust 
to good sen'^e alone, even if we possess it, but must arm oui selves by the study of 
science and its application to the aits. This being granted, how shall it bo done ? 
I need not trouble you by refuting the absurdities of a few men who would have 
those things taught at schools which have hitherto been taught by practice. What 
has been taught by practice must still be taught by piactico. The business of the 
school IS to teach those things which practice in an art will not teach a man. Let 
us apply this principle to engineering — the most scientific of all professions. It 
will be most useless to lecture on filing and chipping , it will be useless to describe 
the mere forms and arrangements of vast multitudes of machines ; one kind of 
knowledge of the properties of mateiials can only be acquired, as it always has been 
acquiied, by actually handling them , and the knowledge of the arrangement of a 
machine is far better learnt by mere inspection than fiom fifty lectures, moreover, 
it can be acquired by an intelligent man e\en if lie bo wholly unlettered. Book- 
leaniing about estimates, the %alue of goods, methods of superintending work, and 
dealing witli men is foolishness. Wiitten descriptions of puddling a clay embank- 
ment, excavating, and such operations, give no knowledge, and yet a vast mass of 
such knowledge must at some time of his life bo acquired by the engineer, and the 
student cannot be employed as an engineer until ho has laid up a store of such know- 
ledge. Colleges cannot give him this , he must serve an apprenticeship m fact if 
not 111 foim. Young foieigners taught in colleges seive then apprenticeship, at the 
cost of their emplo;ycrs, during the first few years of their professional life, vVe call 
the t}io an apprentice or pupil, and he pays his master instead of being paid by 
him I have the stiougest feeling against any attempt to sub.stitute collegiate 
teaching for practical apprenticeship. 80 far as colleges attempt to teach piaetico 
they aie and will bo a sham in this country and m all otheis The work of a col- 
lege IS to teach those sciences which are applied in the aits, but it can go a little 
further and indicate to its students how tlie application is made in at least a few 
selected instances. Applying this dictum to the education of an engineer, his col- 
lege can teach him mathenLatics, natuial philosophy, chemistry, and geology. No 
one can doubt that a ;yoiitli well trained m these branches of knowledge will, even 
vvitli no fuitlun teaching, learn more during Ins appionticeship, and dunug his 
wliole professional life will take a higher standing than the man of equal intelli- 
gence untiaincd in science. College can, howevci, do more than this, it is found 
that a lad will go through a considerahle number of books of Euclid, and yet see so 
dimly how his knov\ ledge is to be connected with jiractice that he may bo unahlo 
even to compute the aiea of a field, the dimensions of which are well known to 
him ; and far moie is it seen that a man may be fairly grounded in matliematics, 
and yet have very little idea how to apply his knowledge to mechanical problems. 
It is the business of those who hold such chairs as mine to point out the connexion 
between pure science and practice, to .show how mathematics are employed in men- 
suration and in mechanical calculations, to show how the truths of physics are made 
use of m designing economical machm^, as when we teach the connexion between 
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the laws of heat and the steam-engine. The student who has once grasped4he fac t 
that there is a real connexion between practice and theory ill seldom be at a los a 
how to find or search for that connexion in after life. The student thus prepare d 
knows what he has to learn from practice, and need not lose precious time in blun- 
dering over the numbeiless scientific problems which practice is sure to suggest but 
can never solve. The education of the architect, the practical chemist, the manu- 
facturer, and the merchant must be similar, mvtatis mutouh^, with that of the en- 
gineer Assuming then that the education of those who are to follow more or less 
scientific pursuits must consist in acqiiiring, first, that theoretical Imowledge which 
practice cannot give, and, secondly, tlie practical knowledge which schools should 
not attempt to give, there remains the question whether the theoretical preparation 
should be given in special colleges or universities such as our own. I have no hesi- 
tation in preferring the university. Mathematics, physics, chemistry, geology, 
botany, languages, all form elements required m various combinations in tho educa- 
tion of all our students. There is but one land of mathematics, one kind of pure 
physics, and so forth Suiely it is better that wo should teach the men belonging 
to different professions side by side, so long as the matter taught is to be tho same. 
There are many dangers m an opposite course. There are not a sufiicient number 
of competent teachers to allow of mvich difierentiatioii. Segregation at an early 
age IS apt to foster piofessional peculiarities and narrow-mindedness. There is great 
danger, if physics are to be taught specially to enmneers, that a special kind of 
phjsics, erroneously supposed to be specially userul to them, will bo invented. 
Lastly, the contact of students and proiessois of one faculty with tho students and 
professors of other faculties is very beneficial to all. Do not, therefore, cnpple old 
universities by withdrawing from them a portion of their students and their pro- 
fessors, to set up special professional or tecnmcal colleges of a novel kind, but rather 
add by degrees to the power and usefulness of old inshtutions, and found new col- 
leges and universities after the model of those winch are found to have done good 
work. As an example of what may be safely done, I consider that in Edinburgh 
we lequire a chair of architecture and lectureships on navigation and on telegraphy. 
There is, further, mueli want of a teacher ot mechanical drawing. 1’ho piolbssors 
of physics and chemistry roqniie additional accommodation for practical laboratoiies, 
and additional assistance. If these additions were made onr college would, m my 
opinion, meet all the reqniienients for superior technical education in this part of 
ScoUand For £'2000 per annum all these additions might be made. Notwith- 
standing the acknowledged importance of education, establishments for giving tho 
higher kinds of instruction are never self-supporting, and students must eveiy where 
be bribed to come and learn Immediate piizes, m the form of buisarios, scholar- 
ships, and fellowships, arc requirt'd to induce men to cultivate tho older fields ot 
learning, and similar bnbos are needed to promote the tillage of themoie recently 
colonized domains of applied science. Tho AVhitworth .scholarships aie a noble 
example of munificence thus directed, although, m my opinion, tho examination 
requires considerable reform I hope that further benefits of this kind will be con- 
feiied on those colleges winch give efficient teaching. Local ambition is most ef- 
fectually stirred by local prizes , and I regret to find a certain apathy among 
students hero with respect to the Whitworth competition This appeals to arise 
partly from dissatisfaction with the mode of examination, and partly from the fact 
that the examiners are men not well known in Scotland. Leaving the q^uestion of 
technical training for the upper classes, and the still larger question of scientific 
teaching in second-grade schools, the consideration of which would lead us too far 
a-field, I propose to say a few words on the technical education of the skilled arti- 
san. This we must treat on the same principles as have been applied to professional 
teaching We must endeavour to prepare the lad in school by teaching him those 
things vvhicli he cannot learn in workshops, but which will enable him to work with 
greater intelligence while acquinng and applying his piactical knowledge. I shall 
not now speak of that general education which should make him a good man, and 
which should open to him those great sources of rational einoyment arising from 
culture ; I will restrict myself entirel;jr to Ins preparation for becoming an efficient 
workman. I have in many places said, and I cannot say loo often, that the great 
want of the workman is a knowledge of mechanical drawing. Unfortunately I can 
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obtain4ittle attention from the general public to this demand for the workman. 
Very few persons not being engineers know .at all what mechanical drawing is. I 
am sorry to say that some examiners in high places, who diiect the education of 
the country, know very little more than the general public, and teachers who should 
give bread give chaff. I have lived much abroad, and come into close contact both 
with English and foreign workmen, and 1 unhesitatingly say that the chief, if not 
the only inferiority of Englishmen has been in this one branch of knowledge. I 
must explain to some of my hearers what mechanical drawing is. Jt is the art of 
representing any object so accurately that a skilled workman, upon inspecting the 
drawmg, shall be able to make the object of exactly the inateiials and dimensions 
shown without any further verbal or written instruction from the designer. The 
objects represented may be machines, implements, buildings, utensils, or ornaments. 
They may be constructed of every mateiial. The drawings may bo linear, shaded 
and coloured, or plain. They must necessarily be drawn to scale , but vaiious geo- 
metrical methods may he employed. The name of mechanical drawing is given to 
one and all those representations the object of which is to enable Ibe thing diawn 
to be made by a workman Artistic drawing aims at repiosenting agreeably, and 
for the sake of the representation something already in existence, or which might 
exist. Mechanical drawing aims at representing' the object, not for the sake 
of the repiesentatiou, but lu order to facilitate the production of the thing repre- 
sented 

Now I say that it is this latter kind of drawmg that is so vastly iniportant to 
our artisans, and hence to our wealth-pioducing population Veiy few workmen 
or men of any class can hope to acquno such excellence m aitistic drawing that 
their productions will give pleasure to themselves and otheis, but a gieat number 
of workmen must acquire some knowledge of the di a wings of those things 
which they produce, and there is not one skilled woikinau i\lio would not be 
better qualified by a knowledge of niechnnic.al di awing to do his woik with case 
to himself and benefit to tlie public. Mechanical di awing i', a ludimentai y acqime- 
•ment of the natuie of leading, ^^rltlng, and aiithmetic. Jn ouler that a inan may 
undeistand the illustiated desciiption of a macluno ho must uiulei'taiid tins kind 
of drawing To the general public an engiueeiing di awing is as unintelligible as a 
printed book is to a man who cannot read. The general public can no more put 
their ideas into such a shape that Avoikinmi can cany tliem out than persons igno- 
rant of wilting can convey tlimr meaning on paper Reading- and willing on me- 
chanical or indiistnal subjects is inijiossible without some know ledge of tin' art 1 am 
pressing on your attention This .irt is taught ahinad in eveiy industual school; 
a greart pait of the school time is given up to it. In a 1‘ruasiaii indiistnal school 
one thud of the whole time is given to it A Fiench commi-'Sion on toehnieal 
education repoited tliat diawing, with all its applications to tlie difteient indiistnal 
arts, should be considcied as the pnncipal means to be emplo>('d m technical 
education. Now, 1 deliberately state tliat this subject is not taiiglit at all iii En- 
gland, and that the ignorance of it is so gre.at that I can obtain no attention to my 
complaints. A himclied times more money is spent by (loveniim'rit to encounigo 
artistic drawing th.an is given to encourage mecliamcal diavving, and I saj tliat 
mechanical drawing is a bundled times moie impoitant to us as a nation. ^loieov c'r, 
the little quasi mechanical diawing which is taught is mostly meie geometrical 
projection, a subject of winch ical draughtsmen very frequently, and with little 
loss to themselves, are profoundly ignoiant Descriptive gi'oiiietiy and geometrical 
projection are nearly useless branches of the ait, and the little eneouiagenicnt which 
18 given IS almost mononolized by these. Mechanical drawing proper is confined 
to those who pick it up Dy pmctice in engineering oflices. Those draughtsmen are 
often excellent ; and on their behoof I claim no other teaching. I speak for tho 
artisan who makes and for him who uses machinery. 

There are two ways in which our shortcomings may be remedied: first, the 
schools of art now established in this country should be enlarged so as to teach 
real mechanical drawung, and the examinations conducted by tho Science and Art 
Department should be greatly modified, secondly, the drawing which is to be 
taught in the schools under the superintendence of the new school boards may be, 
gnd ought to be, mechanical drawing. Freehand drawing as a branch of primary 
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education will, I fear, be a useless pastime ; but whether that be so or n#t, I am 
certain that the accurate and neat representation of the elementary parts of 
machinery and buildings would be popular with the pupils and could be efiectively 
taught, "riiis kind of drawing educates band and mind in accuracy, it teaches the 
students the elements of mensuration and geometry, and it affords considerable 
scope for taste where taste exists. The chief difficulty will bo to obtain competent 
teachers. I should occupy you too long were I to attempt to show how these 
must themselves bo trained. My chief aim to-day has been to claim attention 
for a most impoitant and wholly neglected branch of education 

I shall piobably be expected to urge the teaching of other natural sciences in our 
primary schools , nothing, indeed, would give me greater pleasure than to think 
this could be done. I confess I doubt it j while our second-giade schools are what 
they aie in this respect, and while the Canibiidge examination for a degree in 
applied science is what it is, I dare not think of natural-science classes in our 
piimaiv schools I shall bo delighted if I am mistaken , but I am certain that 
mechanical drawing deserves our hrst attention, as most immediately useful to the 
artisan and most easily taught. The -very books on natural science which are pub- 
lished 111 England cannot be pioperly illustrated for want of a sufficient number 
of competent draughtsmen , and children would be unable to follow the illus- 
trations and diagiams if ignoiant of the principles on which they aie constructed. 
I look lalhor to good reading-books, explained by intelligent masters, as the best 
manner of teaching the elementary and all-important tiiiths of natuial science. 
No man could do bettei seivice than in compiling such leading -books, and there 
arc few wants more uigent than that of masteis competent to enlaigo upon texts 
wliicli Avoidd thus bo put into their hands. The education of our workmen is far 
moie incomplete than that of oui piofessional men. Small additions to existing 
institutions will nuet the want of the latter, but for the foimer the institutions 
have to be elected alm(»st fiom the foundation. 


On an Aj^payatus for xvoilcuvj Torpedoes^ By Philip Braham. 

The autlioi ol this paper descubed the various modes of working with toipedoes 
now extant, and explained their ■vaiious disadvantages lie then explained his 
own, whicli was the piopulsioii of a toipedo lioin an invulnerable boat below its 
watei-line hv means of the expansion of compressed an. A diawing of the appara- 
tus was exhibited bv the author, it consisted of a compiession-chamber, m which 
air could bo coiitmed to a gieat piessuie, a tube tlnougJi which the toipede could 
be piopelled, and a valve airangement whereby the piogressive velocity of the 
torpedo could bo regulated I3y means of machinery diiven from the engines that 
move the sliip he pioposcd to compiess an into the compiession-chambertofiOOlbs. 
to tlio square inch, and when within stiiking-distance ot the v essel attacked the air 
to be sutfeied to escape bidiind the shaft of the loipedo, diiving it with consider- 
able force so as to stiike the v essel attacked below its w atei-lino and then to explode. 
By the leaction of the force driving the torpedo forwards, whose average statical 
pressure w'ould be 8<> tons on a diameter of 1-9 shown, the author expects the 
attacking boat would liave its speed consideiably diminished, if not entirely neu- 
tralized, and so pievent the possibility of collision. 


Account of some Experiments xipon a Cairn’s Disintegrator” at worh at 
Messrs, Qihson and Wcdlcers Flour-mills, Leith, By E. J, Bbamwlll, C,E, 

Carr’s Disintegrator, as is probably well known to most mechanical engineers, 
consists essentially of two disks, each fixed upon a horizontal shaft. These shafts 
are placed in one lino , the disks which they carry at their ends are separated the 
one from the other by a space of a few inches. Each disk carries a number of bars 
or studs disposed in sev’cral concentric rings, and standing out at right angles ft'oin 
its face The concentric nngs of studs of the one disk are airanged so ns to bo in 
the spaces between the concentric rings of the other disk. The disks are diiven in 
opposite directions, and at a high velocity. The rings of studs, although very 
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numerous, do not reacH to the centre of the machine ; this part is unoccupied by studs, 
and acts as an “ eye ” to receive the feed. The first two or three rmgs ol studs) 
beginning at the centre, are fixed to one of the disks only, viz. the one opposite to 
that through which the feed enters, and they serve to distribute that feed equably 
throughout the machine. So soon as the material has, however, passed by cen- 
trifugal force beyond the limit of the outermost of these central or eye ’ - 
rings, it is met by the first of the nngs moving in the opposite direction. The 
studs of tins ring find the material while in mid air and moving in a direction 
opposite to their own motion, and with a velocity due to the circumferential speed 
of the nng of studs the material has just quitted. The result of this meeting is 
clearly, first a violent blow, and then a reversal of motion, by which the whole of 
the mateiial is sent flying through the air m a direction con ti ary to that which it 
last had, and with a velocity increased by the increased circumference of the ring 
of studs which has just put it into motion, a velocity and a direction, however, to 
be all but instantly arrested and reversed by the action of the next nng of studs, 
and so the material proceeds from ring to ring until it is delivered, completely pul- 
venzed, at the circumference of the machine. It will have been gatheied from 
this description that a Carr’s Disintegrator acts to reduce material upon a prin- 
ciple wdiolly dift'erent to those principles upon which millstones, edge-runners, 
crushing-rolls, rumblers, and stampers act , m fact, so far as the writer of this 
paper is aware, upon a principle which had never been applied to a similar or even 
to an analogous purpose, ana that principle is the breaking up of the mateiial by 
the action of a foice which has no other abutment, if the term may bo used, than 
the momentum of the material itself. In fact the matenal is treated as a shuttle- 
cock, to bo bandied backwards and forwards between mechanical battledores, 
sufienng breakage at each blow until it is reduced to the required condition of 
pulverization. 

The pioportions of the machine and the size of the spikes or studs are varied to 
suit the material to be operated upon. 

Ihe particular machine upon which the experiments (the subject of this paper) 
were made is used for converting wheat into flour. It is about 7 feet diameter, 
and has a space of 10 inches between the faces of the tw'o disks The disk 
on the feed side carries six concentric rings of studs, which work between 
six concentric nngs on the opposite disk This opposite disk has also three 
« eye ’’-rings. The studs are circular, half an inch in diameter, and made of 
crucible steel. The distance from centre to centre of the studs is 2-] inches, 
and fiom centre to centre of tho rings also 2^ inches, so that there is a clear 
space bbth circumferentially and radially of 2 inches between the studs. Tho re- 
volving disks are enclosed in a casing, at tho bottom of which there is an oidinary 
creeper or screw to conv'ey away the meal produced j and as now very commonly 
applied to the cases of nullstones, there is an exhaust-pipe connected with an 
exhaust-fan, to remove tho dust and convey it to a depositing chamber, the ‘‘ stive ” 
room. Tho machme is driven from a counter shaft by means of two straps, one 
open, the other crossed, so as to give motion in opposite directions to the two 
disks. Their ordinary working speed is about 400 revolutions per minute 

By the great courtesy of Messrs. Gibson and Walker, and with the able assist- 
ance of their engineer, Mr. Watson, the writer and Mr. Edward Easton were 
enabled to make the following expenments to test the power required to drive this 
machine under varying circumstances. In arranging the programme of these ex- 
periments, the writer was particularly desirous of ascertaining whether or not a 
suspicion he entertained as to a source of consumption of power in the working of 
the machine was justified by the facts. From a consideration of tlio number of 
times the disks revolve m a minute, and of the number of rings of studs, it is clear 
there must be many thousand settings into motion, and reversals of those motions, 
per minute of any matenal within the action of the disks 5 and it occurred to the 
writer that although the air within the zone of action of tho machine weighed only 
between dO and 40 ounces, yet even thattnlling weight could not be subjected to 
such treatment without the consumption of a very considerable amount of power, 
lie therefore determined^ to ascertam the power required, not only when the 
machine was working in its normal manner, Doth with and without ifeed, but also 
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the power when working Without feed in an abnormal manner, viz. with both the 
disks revolving in the same direction and at equal speeds. The experiments and 
their results may be tabulated as follows : — 

Power required to drive a Carr’s 7-feet Disintegrator under different conditions at 

about 400 revolutions per minute. 

Gross indxcatced 
horse-power. 


When converting into flour 20 quarters of wheat per hour .... 145 

When converting into flour 16 quarters of wheat per hour . . . , 12'1 

When working in the normal way, but without feed (38 

When working with the dislts lashed together, so as to revolve 
in the same direction and at the same speed 19 


From this Table it will be seen that when the niaclime’is working abnormally, it 
only requires 19 horse-power to drive it, this power being employed m oiei coming 
the friction of the journals &c , and m driving the disks while acting on the air, 
after the manner of an ordmaiy fan Directly, however, the inacliino is put to 
work in its normal way, so as to deal with the air by repeated reveisals, the power 
mounts up to G3-horse. It will also be seen that to make 15 quaitois of wheat 
into flour requires (30 horse-power more than to woik the machme when acting 
upon air alone, or at the rate of 20 hoiso-power for each 5 quaiters of wheat, a rate 
tnat is very fairly corroborated by tlie inci eased power of 22 liorses, as shown by 
the Table to bo necessaiy when the feed is luci eased by 5 quaiters, \u, from 15 to 
20 quaiters pei hour. 

burther expeiinients were made with the object of ascertaining the power ab- 
soi bed whilst i mining the machine empty at varying speeds As this, however, 
could only be done by altering the levolutions of the steam-engine itself, tliere wore 
practical dilliculties attending tlie expel iments which rendered any gieat lange 
impossible, and also somewhat impaired the accuracy of those which could be 
made. 

The general result, however, showed that the power, as was expected, varied as 
the cubes of the speeds. 

Although it appeared, from the foregoing experiments, that the Cair’s machme 
when running empty takes, m round numbers, 50 per cent, of tlie povw'r used by it 
when at work upon 15 quarters of wheat pur hour, it must nut be supposed that it 
is au uneconomic machine as compaii'd with mill-stoiies On the contraiy, both m 
power consumed and space occupied, the compaiisou is gioatly in its favour. To 
grind 20 quarters of wheat per liour would require at least 2(3 pans of 4*foet G 
millstones at woik, and these would demand fiom 200 to 250 hoise-power, and 
would occupy, including the necessaiy spaio stones for diessmg, about til'teon times 
as much space as the disintegrator. 

On this point of dressing,” Carr’s machine possesses a further gi’eat advantage. 
With ordinary millstones one sixth of the number are always out of work for this 
purpose and not only are they thus idle, but the wages of highly skilled stoue- 
dressers have to be paid. In the Disintegrator nothing analogous to “ dressing ” is 
requiied. Tlie wearing paits are the studs; and judging from appearances, it 
would be many years before they require renewal. The machine fiom the principle 
of its action possessing this peculiaiity, that a worn stud, so long as it is strong 
enough to beat the particles without sensibly yielding to them, will do its work 
just as well as when it was new. 

It would be beyond the scope of this paper to enter into the question of the 
relative qualities of the products of this machine and of oidmaiy millstones. It 
ought, however, to be stated that Mr. Gibson expressed himself to tho writer as 
highly satisfied on this point. 


On a direct^aciinc/ Combined Steam and Hydraulic Crane. 

By A. B. Brown. 
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0)1 the Ilainfall of Scotland. By Alexander ifiudnAN, M.A., F.B.S.E. 

Secretary of the Scottish Meteorological Society. 

The paper was illustrated by a map of Scotland, showing the average annual 
rainfall at 290 places, many of the averages being from observations caii*ied 
on through long senes of years. The map bioiight out the laigo rainfall in the 
west as compared with the east — a diffeience which is strongly maiKcd cien in the 
group of tlio Oikney Islands The aAciage lainlall in the west, at stations re- 
moved from the inlluence of hills, is fiom about dO to 40 inches; but in the east 
in similar situations the rainfall is as low as fioni 24 to 28 inches In casting the 
eye towards the wateished ot the country running north and south, it is seen that 
in ascending towaid it from tlio west theie occuis a lapid but by no means uni- 
form increase, and in descending fiom it to^^ald the east a lapid but by no means 
uniform decrease. The laigcst lamfalls occur almost wholly among the hills 
forming that part of the wateished of Scotland ^^hlch is noith of the Forth and 
Clyde. The places charactcii/cd by the heaviest annual rainfall me, so far as 
observation h<is jet enabled us to determine, the lollowing — Glcncroe, 128 
inches; Aidlui, head of Loch Lomond, 115 inches, Bridge of Orchy, 110 inches; 
Tyndrum, 104 inches , Glen Quoich, 102 im lies, and Bortii'c, 101 inches. At no 
great distance from se\ oral ot tlu'so places the lainf.ill is b}'^ no means excessi've, 
thus pointing out an cnoinious dilleieiice of climate bc'twei n places not fai apart. 
Along the ’svatei shed ot that pait of Scotland Inch lies south of the Foith and 
Clyde, no such excessive rainfall occuis, — the highest being 71 luclies at Fttnck 
Pen Top 2208 feet high. This diiniiiished laiiifall in the south, as compaied with 
that at places fuither north siniilaily situated, is due to the mountains of Ireland 
draining the south-west winds of pait of theii m(>istuio before they aruve at these 
parts ot Gieat Biitain 

The distiibution of the lainfall is v'eiy in<?tnietivo in many di^tiicts, as in the 
valley of the Foith, tioni tlu' head of Tmeli Katiiiu^ to Noith Beiwick, where the 
amount vanes fiorn 91 to 24 inches, in Clydesdale, where the (quantity is gieatest 
at the head and toot of the \ailev lespc'ctncdv', being consideiably less at intei* 
mediate places, and along IjOcIi Linnhc and thiongli the Caledonian Valley, wheie 
the variations of the raintall aie veiy great, and stiikingly show the intluence of 
puiely physical causes, such ns the contiguiation of the surmce, in deteimining the 
amounts. In all these di&tiicts, as w'cdl as elsewheie, many cases might be referred 
to which conclusively piove that the amount of the laintall is vciy tai fiom being 
determined by mere height In tiutli it is to local coiisideiations wo must chietly 
look for an explanation of the mode in which lain is distributed over any district , 
and hence in estimating the rainfall, paituculaily ot hilly distiicts, no dogmatic 
rule can be laid down 

From observations which have Ix'en made' at (ifly places for lengthened periocF, 
it appeals that the deficiency of the thiee diiest coii'-ecutive vears’ lainfall firm 
the average, is goneially trom one fouith to one seventh, but that in some cases it 
is as great as one third and in others as small as one ninth. Since then the deti- 
ciency of the three years of gK'atost drought has varied from about 85 to 11 per 
cent. ; it is evident, at least in so tai as Scotland is conceined, that no dogmatic rule 
can be given stating a rate of deficiency applicable to all cases. 

If those districts were shaded oft in which the rainfall does not exceed 80 inches 
annually, the gieat grain-producing distnct of Scotland would be indicated; and 
it is interesting to note that in those distiicts which produce tlie best wheat the rain- 
fall is lower than elsewheie, being in many places as low as 24 inches annually. 


On the Ilainfall of the Northern Hemisphere in July, as contrasted with that 
of Januamj, with Jltmarls on Atmospheric Circulation. By Alexander 
Buchan, M.A , F ll.S.E. 


On the Great Heat of August 2nd-^4th, 18G8. 
By Alexander Buchan, M.A., F.li.S.E. 
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On a new Mill for Disintegrating Wheat. Bg Tsosiis Carb. 

In all previous mills and pulverizing machines the material operated on inter- 
venes between, and is simultaneously in contact "with tA\o ^^Olhlng surfaces. In 
this mill the disintegiation is eifected while tlie material is falling finely or being 
projected through the air unsupported, and no individual particle theieof, at the 
moment of diteintegratiou, is ever in contact with moic than one portion of tho 
mill, VIZ. the particular beater sinking and shatteiiiig it in mid air. It is also the 
only mill m which tho piojectile impetus in tho inateiial acted on contiibutes to 
its own disintegiation 

It consists of a senes of b(>aters, formed of bais with open spares between them, 
arranged cylindncally on disk-plates, aiound and parallel with a central axle. 
Into these disk-plates one end of each bar is nvetted, so that the bars stand at 
right angles to the faces of the disks, while their other ends aie nvetted into rings, 
which so tie them that each bar is supported by the aggregate strength of the 
whole Tlu ‘SO cylindncally aiianged beateis (foiming what may be called cages, 
from the slight reaemblancc they have to .squiri el-cages) me of difieient diaineteis, 
so that when placed, as they are, concentncally one within the other, suiKcicnt 
spaces may intervene between to isolate each, and give them tho leqiu.site clear- 
ance, and thus pi event any scrubbing oi g-rinding-action on the material, which 
might ensue between them if they weie lotating in too close proximity. 

These sets of beateis, of which for Hour touit('en are used, aie dnveii by means 
of an open and a crossed strap with extieme inpidity in coiitiary diiections to one 
another, light and left alh'rnately 

The wheat Hows in at the central oiiHce, and is thrown out by centrifugal force 
from the lii'bt cage at a tangent to its ciitle, and at a .''pecd equivalent to that at 
which the beateis of tho said cage are lotating, when, meeting the beaters of tho 
next cage moving in an opposite direction, its diiettion is leveised, and it is again 
thrown outwaids to meet the beateis of the thud cage, also moving in a contrary 
direction, and so (ai with the other cages until (and that m less than a second from 
its Hist introduction) the fiagnients, leduccd to Hue Houi, semolina, and bran, aie 
delivered in a lavliutiiig show-er alike from every part of the neiipheiy into a sur- 
lounding casing, all the beaters (of which tlieie me about 1000) bein" thus simul- 
taneously efiectiv e, and the balance of tho machine maintained. Thus, though 
with these diHereiit seta of beateis each acts mdependently, they are so arranged 
iidatively to one another that not only is a lepetitioii of the blows on the same 
niateiial thereby obtained, as many times lepealed as theie aie diileient seta of 
beateis, but the centiifugal force generated by^ tin' lotution of each set is caused to 
thiow the material forwmd to the next set. Thus the tiist set of beateis throws 
it otf and dashes it with great violence against the second, the second in like 
iiiaunei against the thud, and so on in directions the leveiso of that m which 
each successive set of beateis it strikes is moving, by which means the blows are 
enabled to act with redoubled eueigy on the separated particles of matter as they 
aio discharged against them, precisely m the same way that stones are hurled 
from a sling. 

The machine can liaidly bo impaired by woik further than tho necessary wear- 
ing of the brasses of tho four Dealings. Tho cuicible steel beaters, it is esti- 
mated, should last for ten years at least, and aie then capable of being quickly 
replaced. 

It can pulverize easily 20 qrs. of wheat per hour, and dispense with twenty^'-fiv e 
pairs of millstones. The percentage of Hour from it is iieaily the same as from 
millstones ; but tho qualitv of flour from the new mill is greatly superior, it being 
shattered into a fine granular state, not felled or killed as the bakers call it. Tho 
disintegrated flour absorbs nioie w^ater, forms a law paste of greater tenacity, and, 
when baked, a whiter, lighter, and much better keeping bread, with the sweet 
nutty flavoui of the wheat iiioat agreeably preserved. 

The cost of production of flour by this system is considerably less than by any 
other. 

'fwo of tho machines have been successfully worked for many months at Messrs 
Gibson and Walker’s ITour Mills, IJonmngton, Edinburgh. 
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On the Corliss Engine, By E. DoroiAS. 


On the Gauge o f Railways^ By E. F. Faiblib, C,E. 

Last year, at tlie I^iverpool Meeting of the Association, the author read a paper 
On the Gauge for Eailways of the Future,” in which he pointed out the capacities 
of narrow-gauge lines, and showed how unfavourably the railway-system, as at 
present worked, contrasted with such lines when properly handled. Ho said that 
experience had confirmed the ■views he had then put forth ; and ho showed, by 
giving the dimensions of his carnages, both for passengers and for goods, that upon 
a 8-ft gauge ho is enabled to place stock of ample size and of less weight than can 
be done on the 3-ft O-inch lines. Whatever saving may bo effected in first cost 
may be lost sight of, the great advantage lying in the saving effected in working 
expenses Every ton of dead weight saved goes towards secuiing the prosperity of 
the line; and if we can obtain the ample platform vvdiich the 8-ft gauge gives, 
combined with so much saving in weight, there is nothing left to be desired. In 
concluding, the autlior referred to one or two prevailing eiiois which ho said 
existed with refeience to the nairow gauge. 


The Bhysimeter, an Instrument for Measuring the Speed of Flowing Water 
or of Slips. By A. E. FLEicnrn, F.O.S. 

The principle involved in the construction of this instiument is the same as that 
of the anenionietor dcsciibed by the author in 1800 (lint. Assoc. Keport, Trans, of 
Sect p. 48). 

A straight tube is placed in the current whose velocity is to bo measured, and 
held in a plane perpendicular to the direction of motion, so that the water flows 
across the open end of the pipe This induces a tendency in the water of the pipe 
to flow out, and so causes a partial vacuum in it 

At the same time another tube, whoso end has been bent round through an 
angle of 00°, is held parallel to the straight tube in such a position that the bent 
end faces the current. In this the lateral induction is neutralized by the pressure 
of the current The difference between the pressures exerted in the two tubes by 
the action of the flowing liquid is made a measure of its velocity. 

In order to accomplish this the tubes which dip into the stream are continued 
upwards till their ends are on a level with the eye of the observer. These ends 
are of glass , they are united at the top so as to form in fact one tube, bent in the 
shape of an inverted U* At the top of the bend, that is, in the centre of this 
bridge-piece, is a small exhausting syringe or pump By means of this a partial 
vacuum can be formed in both of the long tubes whose ends dip into the running 
water, and the water be made to rise through them into the glass tubes at the top, 
which form the indicator of the instrument. The water is made to rise so far as 


to fill but paitially the parallel glass tubes of the indicator, in order that a com- 

S arison may be made of the heights of the columns. If the terminal tubes below 
ip into still water, the heights of the columns will be equal, as they are held up 
by the same pleasure ; nor will it signify if one of them is further immersed in the 
water, for their upper ends are connected with the bridge-piece already mentioned. 
But if there is motion in the liquid into which the terminal tubes dip, a difference 
of height will be observed ; the amount of this difference can be measured by a 
conveniently divided scale, and from it the speed of the current known. 

It 18 interesting now to observe that the mathematical formulas which were 
educed to show the relation between the speed of the current of air, and the dif- 
ference between the heights of the columns of ether in the indicator of the ane- 
mometer, apply correctly also to show the relation there is between the speed of the 
current of water, and the difference of the heights of the columns of water in the 
indicator of the rhysimeter. 


In the formula 
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V will be the velocity of the water in feet per second, 
accelerating force of gravity =32‘18 leet per second, 
weight of a cubic foot of water at 00° Fahr. 

difference between the heights of the columns of water driven un the tubes 
measured m inches. 

W = weight in lbs. of cubic foot of wafer. 

The formula becomes 1 ;= ^ 


v=: \/^X 1*638. 

To test the correctness of this by experiment, a steadily flowing stream was se- 
lected. The speed taken by the motion of a body floating on it was found to be 1 foot 
per second. The diflerenco of the height of the water-columns was 0 375 inch. 
According to the formula the speed would have been 1 003 feet per second. Tliis 
close agreement between the results of experiment and of calculation proves the 
correctness of the calculations, not only as regards the rhysimeter, but as regards 
the anemometer also 

When the speed of the water or other flowing liquid is so great as to make the 
difference between the heights of the columns in the indicator inconveniently long, 
it 18 easy to introduce a siphon containing mercury. In this the motion will bo 
less in pioportion as its specific graiity is greater than that of water. ‘ 

This is necessary when the rhysimeter is used to measure the speed of ships. 
The foimula then becomes p=v-x0 08730, where v=velocity of the ship in knots 
per hour, and /)= height of column of lueicury in inches. Below is a Table calcu- 
lated from it, its correctness has been abundantly pioved by experience. 

Ilydiaulic-pressuie tubes for measuring the speed of ships have been adopted by 
Pitot, Darcy, Berthon, and Napier, but hitherto they have not been extensively 
used by sea-going vessels. 


Table showing the Speed of a Ship as indicated by the Ilhysinieter. 

;;=v-X 0 08730 


Knots per 
hour 

Height of 
mercury- 
column, 
inches 

Knots per 
hour 

Height of 
mercury- 
column, 
inches 

1 

0 087 

0 

7 08 

2 

0 35 

12 

12 58 

25 

0 55 

14 

17-J2 

3 

0 70 

10 

22 30 

0 

315 

1 

17 

25 25 


TaiU/K showing llie Speed of Currents of Water as indicodcd by the Rhysimeter. 


t' = X 1 038. 


Height of 

Speed of 

Height of 

Speed of 

water- 

current, 

vater- 

cuircnt, 

column. 

feet per 

column, 

foot per 

inches 

second 

inches. 

second 

0 01 

01038 

0 40 

1035 

0 02 

0 2310 

0 50 

1-158 

0 03 

0 2830 

100 

1638 

004 

0-3275 

20 

2-310 

0 05 

0 30(52 

40 

3 275 

010 1 

0 5178 

GO 

4012 

0 20 

0 7823 

80 

4 632 

0*30 

0 8080 
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0)1 Steam-loilc)' Legislation, Bg Lavington E. FLETcnKH, C E. 

Although the Conimitt'oe of the British Association “ appointed to consider and 
report on the \aiioiis Plans propo.^ed for Legislating on the subject of Steam-boiler 
Explosions, with a \iow to their Pie\ention,” are compelled, fiom the reasons 
stated in their uf/ lleport, to postpone the consuloiation of the measures 
recently lecommended by the Pailiamentary Committee^ yet it is thought that 
it would be well to take advantage of the present opportunity to discuss those 
measures. 

'fhe Repoit of the Pailiamentary Committee is biiefly as follows . — 

The Parliamentaiy Committee had it laid befoio them m evidence that there 
weie not le^s than 100,000 steam-boileis in the countiy, and that fiom these there 
sprung on an a\ erage uO explosions per annum, killing 75 persons and injuiiiig 
inany otheis, fiom which it appeared that one boilci in every 2000 explodes annu- 
ally It was fuither stated that steam-boilers weie m many instances situated m 
much-frequented parts of towns and cities, under pavements in thionged thorough- 
faies, in the lowei storojs of houses, and in the midst of ciowded dwellings , that 
such boilers, notwithstanding their dangeious position, weie often faulty in con- 
stiuction, and fiequently so set that inspection was impossible without lemoving 
the bnck-woik setting, vvdnle tlu'y lacked pioper gauges and necessaiy fittings. 

The Pailianientaiy Committee aimed at the conclusion that the niajoiity af 
explosions aiise fiom negligence, eithei asiegaids oiiginal constiuctioii, inattention 
of useis or their seivants, neglect of proper repaiis, and absence of proper and ne- 
cessary fittings, while they fuithei consideied that tlu' seveial voluntaiy asso- 
ciations formed with a view ot secuiing the pciiodical inspection of boilers had 
been useful in pi eventing explosions 

The Parliamentaiy Committee lecomnnmd, not that inspection should bo en- 
foiced by law in oidei to under its adoption univei=al, but that it be enacted that 
every steam-usor should bo held lesponsible toi the eflbiency of his boilei, the 
onus of pioof of cfiiciency in the event of explosion being throw'ii upon him; and 
further, that in case of a servant being inimod by the i xplosnm of his mastei’s 
boiler, it should be no defence to plead tliat tin* damage ai ose fiom the neg- 
lect of a fellow'-seivant. Tlui Committee fuither ic( oiiinnuid that coroneis m 
(onducting tlieir inquiiics on steam-boih'i explosions should be assisti'd by a com- 
petent enginem appointed by tlie Poaid of Tiade, and tliat th(‘S(‘ inquiiies should 
not, as at piesent, be linuti'd to fatal explo.-ion.s, but be ('xtended to ell othcis, 
wdiile repoits on the lesnlt of each inv (>st)gatiou sliould be toiwaich d to the Secie- 
taiy of State foi tin* Home Hepartnauit, and aPo be ennually puseiited toPii- 
liament. 

The effect of tlu'se recommendations, if earned into practice, would be to render 
the steam-user leadily amenable to an action foi damages, so that tliose who 
suflered fiom the consequences of an explosion would become the pioseeutois. 
Thus the Pailiamentaiy Committee do not iccomnund duett j'l eieidiot hg the 
enforceme)it of )ng)cction, hut inducct jneieidion hg poudfi/ 

It will be seen from the foregoing that the ev ich'iice hud befoie the Parliameidaiy 
Committee endort'es the statements made in the Pepoits to the Biitish Association 
on the numbei and f itality of explosions*, while that Committee speaks lav ouiably 
ot the effect of periodical inspection for the pieveiition of explosions. 

Also the opinion of the Parliamentaiy Committee with regaid to the eau«e of 
explosions corroborates the views alicad;y expiessed in tlie Kepoits to tlie Biitish 
Association on this subject, viz that explosions aie not mysteiiou<^, inexplicable, 
or unavoidable, that they do not happen by caprice alike to the careful and the 
careless, that, as a rule, boilers burst simply because they aie bad — bad eiflicr 
fiom original malconstruction, or from the condition into which they have been 
allowed to fall , and that explosions might be prevented by the exercise of common 
knowledge and common caref. It is satisfactory to have this pnnciple endorsed 
by the Parliamentary Cominittee. Explosions have too long been considered acci- 

* See Transactions of the British Association, Norwich Meeting, 18C8, E^cter Meet- 
ing, 1860, and Liverpool Meeting, 1870. 

t Transactions of the British Association at the Exeter Meeting, 1800, p 50. 
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dental, and to bo shrouded in mystery, and this view has seiiously an’ested pro- 
gress. Where mystery begins prevention ends. It is now trusted that it will be 
tlioroughly recognized that evplosions are not tlie result of the ficaks of fate, but 
of commercial giced; and this fundamental principle being liiinly established, it 
cannot be doubted that these catastrophes ill ultimately, in one way or another, 
be pi evented. Thus it is thought that a most important step has been taken which 
is a considerable matter for congratulation. 

It is also satisfactory that the Parliamentary Committeo has recommended that 
coroners, when conducting inquiries consequent on steam-boiler explosions, should 
be assisted by scientific assessors, a practice which was stiongly uiged in the lleport 
laid befoie the Biitish A<5sociatiou at the J'Xeter Meeting It may, hovvevei, bo 
open to question whether it would be better that the engineer, as the Pailiamen- 
tary Committee recommend, should be appointed b_y the Board of Trade, or that 
the coionei should be empowered to appoint two competent independent engineers 
to investigate tlio cause of the cxplonon, and report thereon, as suggested in the 
Keport leterred to But whicheier couise bo adopted, if competent reports be 
ensured, a public seivico will bo lendeied 

Not only, howeicr, should the “?cs?f/^”of each investigation be reported to 
Parliament, but also all the evidence of an engineenng character, accompanied 
with suitable drawings to illustiate the cause of the explosion, so that all tho 
information to bo deritedfiom theoc sad catastrophes might be disseminated as 
widely as possible. 

Fuithei, it 11 piesunied that tho repoits on explosions which occur m Scotland, 
wheie coronei’s inquests aie not held, will nevertheless be piesented to Parliament. 

It IS most impoitant that tho Bill enibodving the recommendations of the Par- 
liameutaiy (Jommittci' should proiide lor other enginceis haimgnn opportunity 
of making an examination ot the liagmenls of the ('\ploded boilei, as well as those 
appointed by the Boaid of Trade, othtuwise the intervention of the Boaid of Trade 
will have a seriously haiaismg cliect The system piactised in Scotland, where 
the Piocurator-Fiscal appoints an engineer to ic'poit to him ofRcially, is found lery 
much to impede other investigations, and engineeis who have gone all the way 
from England to iisit the scene ot explosions m Scotland with tho view of giving 
the faets to the piihlic have been foihiddeii acci'ss to tin* scene of the catastrophe, 
so th-at tho Proi mator-hiM al leceivi'S infoimation which lie does not cnculate, 
while he withholds tlie oppoitumty of gaming infoimation fiorn those who would 
circulate it, and thus lie stands m the way ot the public good It is most impor- 
tant that caie should he lukeii that investigations by Board of Trade ofhceis do not 
have the same obstiuttivo cdecl m Jhiglaiid, and to this end theie should be a 
special provisiou that the cuioiier bo iiivesled with a discietionai) power to admit 
any suitahle paities to nnke an invi'stigation. 

Passing ov'er the ( ousuhiatioii ot dtdaiF, it is c'ltaiiily (onsidered that tho 
three following conclu'-ions uiiived et lu tho Pailiameutai\" llepoit, hist, that as 
a rule explosions aie not accidental hut pievmitible, sicondlv, that on the occui- 
rouce ot explosions a complete investigation of the cause ot tin* latastrophe should 
be promoted by the appointment of a scientilio as-.ess()r to assit.t tlie coioner, and, 
thirdly, that lepoits of em h investigation should bi' piesented to Paihamcnt 
these three conelUhioiis, it is coiiMdeied, form a foundation liom wdiieh a super- 
striictnie will spiing in coui^e ot time winch must eiadicato steam-boiler ex- 
plosions. 

What the precise cliaiaclei of that superstructuie should be is a question on 
which opinions may ditlcr. Some, among whom are the Parliamentary Com- 
mittee as already explained, prefer a system of pains and penalties to be inflicted 
on the steam-user m tlio event of his allovnng Ins boiler to give rise to an explo- 
sion. Others prefer a S} stem of direct prevention by the enfoi cement of inspection, 
on the following general basis . — They would recommend a national system of 
periodical inspection, enforced but not administered by the Government, that 
administration being committed to the steam-uscis themselves, with a due infu- 
sion of Cl officio representatives of the public. For this purpose they propose that 
steam-users should bo aggregated into as mony district corporations as might be 
* Transactions of tho British Association at the Exeter Meeting, 18G9, p. 50. 
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found desirable j boards of control, empowered to carry out the inspections and 
levy such rates upon the steam-users as might be necessary for the conduct of the 
service, being appointed by the popultfr election of the steam-users in each district, 
the different boards being affiliated by means of an annual conference in order to 
promote the harmonious working or the whole system. Its advocates consider 
that in this way a system of national inspection might be mildly, but at the same 
time firmly administered, and that it would then not only prevent the majority of 
steam-boiler explosions, but prove of gieat assistance to steam-users m the ma- 
nagement of their boilers ; tnat it would be the means of disseminating much 
valuable information j that it would promote improvements, that it would raise 
the standard of boiler engineering, and pro\ e a national gam. 

The (Question of the relative menls of the two systems, the one, that of direct 
prevention by enforced inspection, the other, that of indirect prevention by the 
infliction of penalty, is one of a very complex charactei, and the more it is dis- 
cussed the better, and therefore the fullest expression of opinion is requested at 
this time. 

A further topic for discussion on the present occasion is suggested, viz. whether 
it might not be well to fix a minimum sum, to be exacted absolutely in the event 
of every explosion, that fixed sum, howevei, when inadequate to cover the damage 
done, not to limit the claim for compensation. 

Several advantages it is thought would spring from the adoption of this course, 
both as regards compensation to those injured and the pieiention of explosions. 

It frequently happens, on the occurrence of disastrous explosions, that boiler- 
owners are quite unable to compensate those who have been injured. ►Such was 
the case last year at Liverpool, where an (‘xplosion occuired at a small iron foundry, 
in October, killing four persons, laying the foundry in rums, smashing m some of 
the surrounding dwelling-houses, and spreading avast amount of deiastation all 
round. The owners of the boiler, which had been picked up second-hand, and 
was a little worn-out thing, were two working men, who but a short time before 
the explosion had been acting as jouiiicvmon They wTre possessed of little or 
no capital, and were rendered penniless by the disaster Another very similar 
case, though much more serious, occurred at JBmgley m June 18()9, wlieie as 
many as fifteeffpersons were killed, and thirty-ono others severely injured by the 
explosion of a boiler at a bobbin turnery. In this case the n'Jcr of the boiler was 
only a tenant j and, judging from the ruined appearance of the premises after the 
explosion, any attempt to gam compensation for the loss of fifteen lives and thirty- 
one cases of serious personal injury would have been absolutely futile. The plan of 
imposing a fixed minimum penalty would tend somewhat to meet this difficulty, as 
the surplus of one would correct the deficit of another, and m this way a com- 
pensation fund might he established for the benefit of the sufi’eiors. 

Further, tins measure would have a good elh'ft upon steam-nseis, inasmuch as 
they would then incur a positive liahilitv, which would act as a more definite 
stimulus than the v^ague apprehension of an action for damag('«i, m which they 
miglit hope to get off. Also, if this penalty were rendered absolute, it would save 
a vast amount of litigation, and boiler-owners would then see that it v as as much 
to their interest to belieio that explosions were preventible ns that they were 
accidental j and such being the case they would soon find out the way to prevent 
them*. 

This definite minimum penalty would also tend to meet the present tendency of 
boiler-owners to seek to purchase indemnities fiom Insurance Companies in the 
event of explosions, rather than competent inspection to prevent these catas- 
trophes, since, if the penalty were made sufficiently high, it would pay an insu- 
rance company as well to make inspections and prevent explovSions as to adopt 
comparatively little inspection, permit occasional if not frequent explosions, and 
pay compensation. As pointed out last year at Liverpool, the principle of steam- 
Doiler insurance by joint-stock companies does not, under the influence of com- 

^ Steam-users, however, should bo exempted from penalty in those cases of explosion 
resulting from the direct intention of some evil-disposed person, for winch the user could 
not be held responsible, and which might be regarded as an act of conspiracy, intrigue, 
or plot. 
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petition, necessarily insure inspection, inasmuch as the number of explosions being 
one in 2000 boilers per annum, it follows that the net cost of insurance is only one 
shilling for every £100, which must evidently be inadequate for any description 
of inspection by way of prevention. Insurance, therefore, as previously pointed 
out, 18 cheap, while adequate inspection is costly ; so that inspection is opposed to 
dividend, for which Joint-stock companies are clearly estabhslied. Some correc- 
tive, therefore, is plainly necessary, and this it is thought would in some measure 
be found by the establishment of a fixed substantial penalty in the event of every 
explosion, irrespective of the amount of damage done. Also the imposition of a 
penalty on every mspection-associatiou or insurance company failing to prevent 
the explosion of a boiler under their care, might have a most wholesome tendency, 
this penalty being equal and in addition to the one imposed on the ownei, and, in 
like manner, devoted to the support of the compensation fund 

In conclusion, although entire assent cannot be accorded to the Parliamentary 
Ileport, yet it is moat cordially wished that every success may attend the adoption 
of the measures recommended therein, and that they may result in preventing 
many explosions, and in diminishing the lamentable loss of life at picsent result- 
ing tiom the constant lecurrenco of these catastrophes. 


On Desifjnhnj Pointed Hoofs. By Thomas Gillott. 


l)escrij)tion of a Salmon-ladder meant to suit the varyiny levels of a TmIc oi* 

Reservoir. By James Leslie, M.l G.E. (Commiimcutcd by Alex. Leslie.) 

So long as the reservoir or lake is full and overliowing the fish may ascend the 
waste weir if not too steep, and if otherwise properly constructed iind furnished, 
where necessary, with a salmon-ladder, but whenever the water ceases to oveiflow 
the waste weir, the means for the ascent of tlie fish are generally cut off 

The sluices at the outlet of a lake used as a reservoir are m gcncial (though 
there may be exceptions to the rule) placed at or near the lowest level of the 
outlet, and the velocity of the cuirent througli them is consequently, in most 
cases, so great that no fish can swim against it until the surface of the water ho 
run down so low as to be near the level of the outlet, and the velocity bo thereby 
reduced ; and in that latter case the power to ascend into the lake is of no great 
value, as the salmon have little or no disposition to mn during dioughts. 

This design consists of a series of sluices plnced side by side at diflerent levels, 
each sluice opening by being low’ered instead of by heinji lai&ed, as is the general 
mode, and each commencing with the salmon-ladder, which passes along m front 
of the sluices, and is composed of alternate pools and falls. In this design it 
is contemplated that on all occasions the whole outflow requiied to inn down 
the stieam should be through only one sluice at a time, and over the toj) of 
that sluice, which would open by lowering, and shut by being raised, except m 
extreme floods, when, for the sake of keeping down the level oi the lake, so as to 
avoid flooding the adjoining lands, or for any other similar reason, it may he neces- 
sary to provide a lower outlet, or tho means for a more rapid discharge for the 
water. 

Assuming an instance of a lake with a rise and fall on the surface of 12 feet, 
and that it is full, or just up to tho level of the waste weir, the uppermost sluice 
of the series is oponecl so that the vv ater may flow ov er it to the depth of, say, 9 or 
12 inches, which depth W'o mav assume to be necessary to gne the statutoiy com- 
pensation. The water will then run down the ladder, which is composed of a 
series of pools formed by stops reaching quite across from wall to wall, the fall 
from surface to surface of those steps being 18 inches, and the depth of the pools 
not less than 3 feet. A fish may then easily leap ov er the successive falls from 
tho lowest to the highest, after which they must take the last leap over the outlet 
sluice into the lake, that last leap being at first like all the otheis, 18 inches, but 

* The exemption described above in favour of steam-users sliould also apply under 
similar circumstances to Inspection Associations or Insurance Companies. 
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diminishing in height os the level of the lake is lowered, till at last it is nothing, 
when the level of the lake comes to the same as that of the highest pool. After 
that, when the surface of the lake gets too low to give the statutory or requisite 
supply of water over the uppermost stop, the uppermost sluice is shut, and the 
one next in order of descent is opened, when the fish would have one leap fewer 
than before, entering the lake by leaping over the second sluice, and then in suc- 
cession as the level of the lake falls over eacli of the other sluices, having a leap 
less at eveiy change, till at last, ivhcn the lake comes to be lowered to nearly the 
level of its lowest outlet, there would bo only one leap to take. 


On a neiv System of Warming and Ventilation. By J. D. Morrison. 

The author called attention to his paper which was read at the Exeter Meeting, 
and stated that ho introduced inipro\em('nts which had been approiod of by the 
Highland and Agricultural Society of Scotland lie had also built an experi- 
mental room, where his system of ’\ontiIation might bo te&tcd practically. 


Cham-Cahle Testing ^ and jjroposed New Te<ithig-Li)d. 

By 11. A. Peacock, O./i'., F.O.S. 

It is proposed to pro\ ide te^'ling ” -links for each now cable, one link to he con- 
nected vntli the cable at eacliof its ends, and anothei link to form pait of the cable 
^t eveiy 15 fathoms Eacli new link will bo a flat o^al piece of wrought iron, 
whose thickness will be equal to the dianu'ter of the metal of eacli oidinary link. 
The new links will be cut out of a plate of iron, by means of a steam-puucli, and 
will be left by it of the oval form and liaving thiee ciicular holes tluough, one in 
tho centre and another halfway to each end I'he use of the centre hole, which 
will be 11-inch diameter for a 1-incIi cable, is tins * — a piece of cylindrical bar iron, 
about G inches long and a shade less than l]-inch diameter, is to ho inseited into 
this hole, and by means of this bar one of the 15-fathom lengths can be connected 
with a hydrostatic pr(>ss, the other end of tho “ length ” being fastened at the 
opposite end of tho platform by means of anotlier 0-inclibar, and then the testiiig- 
stiam may bo applied. The two other holes are to connect tho testing links with 
the adjoining parts of the cable 

A tylmdiical bar of >Soiith-Walos iron was tested by tlio late Mr. Telford, and 
its mcieaso of length Avas found to be 11 G8 per cent. After the test, and its dia- 
meter was reduced from incli to 1’, it was torn nsundcr by 15 tons 11 cwl. 
Therefore if the ‘length ” of 15 fathoms is increased by testing to an amount ex- 
ceeding (say) 8 pel cent, of its original length, its diameter, and consequently its 
sUenyth, will have been too much reduced, and it ought to ho condemned When 
the stietching is contmed within moderate limits so as to justify the tester in 
stamping ancl passing it, tho actual length may lie stamped on the testing-liiik , and 
then, when the cable has been exposed to se\eie stiaiiis on seivice, it may be laid 
straight along tho pier, and each length be rcnieasiired to ascertain if tho strain has 
been too great, and if any pait ought to be condemned 

lanks ha\c been fouiuf to bo ciacLcd after having apparently withstood the test, 
therefore eac h length, after being tested (before being stamped), sliould bo lifted 
upon a well-lighted hoiicli of the height of a table, and then eveiy link should ho 
examined carohilly all over with a magnifying-glass. If any link is found to bo 
cracked, or otherwise defective, the ‘^length ” of course ought to bo rejected. 


On the Carbon Closet System. By E. C. C. Stanford, F.C.S. 


On the Steam Blast. By C. William Siemens, FJt.S., D.C.L.^ M. Inst. C.F, 

After describing what had pievioiisly been done by others, including the le- 
searches of Professors Zeuiier and Kankine, the author explained an impiovcd steam- 
blast apparatus which he had mv entecl. This apparatus consisted of tluoc principal 
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l^arts, viz. • — (1) a steam-nozzle of annular cross section, discharging steam in the 
torm of a hollow cylindrical body of a thickness of wall of not more than 02 (one 
fiftieth) of an inch, (2) a mixing-chamber, with contracted annular inlets for the 
air, equal in area to its least sectional area, and of a length equal to from five to six 
diameters, (3) a parabolic deli\ery-pipe of considerable length, m which the 
mivcd current is gradually brought to the condition of compaiative rest, and its 
momentum or living force is reconverted into potential force or pressure. 

The result of a long series of expennieiits leads to the conclusions — (1) That 
the quantitative eftect of a steam-blower depends upon the amount of contact sur- 
f^e between the an and steam, irrespective of the steam pressuie, up to a ceitaiii 
limit of compiesbion, where the impelling action ceases, (2) that the maximum 
attainable difieioiices of pressure increase, under otherwise similar circumstances, 
in direct proportion with the steam pressure employed , (.3) that the quantitative 
efiect produced is legulated (within the limits of efhcient action of the instrument) 
by the weight of air impelled, and that therefoic a better dynamical result is 
realized in exhausting than m comple^slng air , (4) tliat the limits of difiereiico of 
pressure attainable are the same in exhausting ana in compiessing 

It was stated that with this appaiatus a vacuum of 24 inches of meicury had been 
obtained, and that with two of these appaiatus a wmiking laciium of 10 inches of 
mercury had been maintained at one end of a pneumatic despatch-tube 3 inches in 
diameter, through wdiich earners weiepiopelled at the mean late of about 1000 feet 
per minute. 


Automatic Gauge for the Discharge of Water over Waste Weirs, 

By Thomas Sievensox, F.llB E , M.I.C.E , C.E. 

The author stated tliat, in older to ascertain the amount of a\ailablo rainfall, 
which IS so impoitant in questions of water supply, it is necessary to gauge the 
quantity of water which escapes at the waste weirs of reservoiis Obseivations 
made only once or twice a day cannot supply the infoiniation It is proposed 
to place a tube peifoiatcd veitically with small holes, the lowest of which is on a 
le\ el with the top of the waste weir, so that, w henever water passes over the 
weir, it also passes through the holes in the tube The water is collected in a 
tank capable of holding the dischaigc for a certain number of hours; the quantity 
so collected is a known sulimultiplo of what jiasses over the weir. The discharge 
thiough the holes is asceitaiiied by experiment. This self-acting apparatus will 
render the continuous obseivations of floods uunccess-aiy. 


Thci'niometer of Translation for lecouhng tJic Daily Changes of Tem'gyerature. 
By Tjiomvs Si'evensox, FES.E, M LC.E , C E. 

The author described wliat lie teimed a tho momeUt of ti anslatwn, w’hicli con- 
sisted of an expansible body with a lU'edle-point at its upper end, and which, when 
expanded by tlie sun, is fixed at its uppei end by a needle-point catching into fine 
teeth cut in a sheet of gla'^s oi othei mateiial of small expansibility placed below 
When the sun is ob'^i uied, tlie uppei end being fixed, tlie couti.iction laioes the 
centre of giavity of the bai In tins way the daily iiiaieh or creep of the bar 
chronicles the change or changes ol tempeiatuie Mr Stevenson also desciibed 
two dillereiit method'^, suiigested by his fiiends Professors Tait and Sw’au, lor 
increasing the amount of expansion of the mateiial employed. 


Oil improved Slips of War. By Michael Scott. 


On a Road Steamer. By W. Thomson. 

The great feature in the constiuction of this machine is the use of a very thick 
india-rubber tiro, to the outer ciicumference of which is attached a chain of fl.at 
plates of iron. These india-rubber tires not only completely prevented hard shocks 
1871. 16 
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to the machinery, hut saved the road from the grinding-action of the iron wheels 
which was so injurious to bve-ways. There had been serious objections made to 
the use of these engines with iigid tires, but the author ventured to assert that 
the india-rubber tires not onlj^ did not injure, but actually impioved the roads. 
The only ground upon which india-rubber tires did not work well was where the 
soil was extremely wet, or of n very soft and sloppy nature. For faini work, the 
wheels of the engine required a much thicker coat oi india-rubber. 


APPENDIX. 

Notes on DmJgmy at Madeira. 

Ihj the llcv. ItoBEiiT Pooa Watson, B.A., FJi.S E , I^.GN. 

Th(' (lilliculties of ahell-gatheriug at Madeira are very many and "very great 
As the leMilt ot several yeais’ woik, the author has to recoid that six or seven spe- 
cies mentioned in MacAndrew’s List have hitherto escaped him , that to the one 
liundied and twenty-seven species named by Mac Andrew (besides these he gives 
twenty-nine unnamed = one liundred and htty-six mail) the author has succeeded 
in adding something like twohundied and hfty moie, or fiom three liundred and 
hfty to lour liundred in all , and while these stiongly confirm MacAndiew’s g-eno- 
ralization of the Mediterranean chaiacter of the Mollusca, yet a few of them pre- 
sent forms belonging some of them to the tropics, and otheis to vciy distant 
localities, as, for instance, llanella i hododoma and Triton chloi ostoma, which Reeve, 
not perhaps \cry icliably, assigns, the fust to the Islands of Capul and Masbato of 
the Philippines, and the second to the Island of Annaa m the Pacific. Fuither, 
among these two hundred or two hundred and fifty species, eighty or, perhaps, 
ninety may probably pio\e to be now species, and three or four new genera. 

It IS somewhat curious that only one of the author’s now species has been 
recognized by Mr. Gwyn Jeffreys as obtained by him from the ^ Porcupine’ 
dredgings. 

The publication of full details is contemplated by the author. 


On the Ciliated Condition of the Inner Layer of the Blastoderm and of the 
Omphalo-mesenteric Vessels in the Egg of the Common Fowl. By R. T. Lowne. 

Mr Lowne stated that the number of obseivations he had at present made -were 
insufRcieiit to substantiate his opinion beyond a doubt, but that he thouglit it ex- 
tremely probable, from what ho had seen, that, 1st, the inner lajcr of the blastodeini 
13 abated, at least iii tiacts of its suiface. lie had seveial times obseivcd the most 
maiked curieiits, and he bcheyed, but was not certain, that he had distinguished 
the cilia 

2iidly, Fiom a single observation he thought that the intenor of the oniphalo- 
meseiih'nc vessels is ciliated. He saw in a portion of the blastoderm of afi\e-day 
chick the most marked circulation in the oniphalo-mesenteric \essels In one 
large vessel, especially where the two cut extremities weie blocked with blood- 
corpuscles, a lapid movement was taking place 
Mr. Lowne stated that ho was still in\ estigatiiig the subject. 
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obseivations of, 60. 

Lyell (Sir (Jharles) on the exploration 
of Kent’s Cavern, Devonshire, 1 ; on 
the late of increase of undergroiiud 
tempeiature, 14. 

Macfailane (P.) on earthquakes in Scot- 
land, 197. 

Mar kic (S J ) on the rate of increase of 
underground temperature, 14 

Macrory (Edmund) on a uniformity of 
plaii'foi the census of the United 
Kingdom, 57. 

Mason (Ilugli) on steam-boiler explo- 
sions, ]6(3 

Maw (Gcoige) on theiate of increase of 
underground temperature, 1 1 

Maxwell (Pi of .J (Jlerk) on the late of 
inciease of underground tempoiatuie, 
14 

Metachloial, on the phvsiological action 
of, 149. 

MetaE, Piof Tait on the thermal con- 
ductnity of, 97 

Meteoiic astiononiv, papois relating to, 
44 

showers, 38 

Meteors, luminous, repoit on obser\a- 
tions of, 26, doubly observed, 27, 
large, 31 

Milne-Ilome (D) on caithquakes in 
Scotland, 197. 

Mountain-lmiostono corals, report on 
cutting and preparing sections of, for 
the purpose of showing their struc- 
ture ny means of photograph v, 165 

M>lno (R. W ) on the rainfall of the 
British Isles, 98. 

Napier (J R ) on a uniformity of weights 
and measuies, 198. 

Narcotic vapours, effects of some, on 
the minute circulation of the blood, 
159. 

Nai’cotism, on convulsive movements du- 



246 


REPORT — 1871, 


ring, 163; on condensation of water 
on the bronchial surface during, 164. 

Newton (Prof.) on the practicability of 
estabbshing “a close time” for the 
protection of indigenous animals, 197. 

Nitrate of amyl, on the physiological 
action of, 156. 

of ethyl, on the physiological 

action of, 165. 

Nitrite of amyl, on the physiological ac- 
tion of, 151. 

Odling (Pr. William) on the treatment 
and utilization of sewage, 106. 

Oldham (J.) on tidal observations, 203. 

Organic chemical compounds, 1 )r 11 W. 
Richardson on the physiological ac- 
tion of, 145. 

Ox fed on sewage-grown grass. Dr. T. 
Spencer Cobbold s report on the post- 
mortem examination of an, 1H8. 

Oxides of chlonne, preliminary report 
on the thermal equivalents of the, 193. 

Parkes (W ) on tidal observations, 203 

Pengelly (William) on the exploration 
of Kent’s (’avein, Devonshiie, 1 , on 
the late of increase of undci ground 
tempeiature, 14 

Penn (John) on steam-boiler ex'plosions, 
160. 

Phillips (Prof ) on the exploration of 
Kent’s Cavern, Devonshiie, 1 , on the 
rate of increase of underground tem- 

? erature, 14, on the rainfall of the 
iritish Isles, 98 

Photography, on cutting and preparing 
sections of Mountain-limestono corals 
for the purpose of showing their struc- 
ture by means of, 165 
Physiological action of organic chemical 
compounds, report on the, byDr.li W. 
Richardson, 145. 

experimentation, report of the com- 
mittee appointed to consider the sub- 
ject of, 144. 

Plato, lunar crater, observations of spots 
on the surface of the, 60 , sunset and 
sunrise on, 94. 

Pole (Dr.) on the rainfall of the British 
Isles, 98. 

Rain, fluctuations in the fall of, from a.d. 

1726 to A D 1869, 102. 

Rainfall of the British Isles, report on 
the, 98. 

Ramsay (Prof.) on the rate of increase 
of underground temperature, 14. 
Ranldne (Prof.) on tidal observations, 
203. 


Richards (Admiral) on tidal observa- 
tions, 203. 

Rigby (Samuel) on steam-boiler explo- 
sions, 160. 

Robinson (John) on a uniformity of 
weights and measures, 108. 

Rolleston (Prof. George) on physiolo- 
gical expenmentation, 144, on the 
foundation of zoological stations in 
different parts of the world, 192. 

Roscoe (Prof ) on the publication of ab- 
stracts of chemical papers, 59. 

Sanderson (Dr. J. Burdon) on physio- 
logical experimentation, 144. 

Sandford (William A ) on the explora- 
tion of Kent’s Cavern, Devonshire, 1. 

Schofield (Thomas) on steam-boiler ex- 
plosions, 166. 

Sclater (P. L ) on the foundation of 
zoological stations m different paits 
of the world, 192 

Scotland, repoit of the committee on 
earthquakes in, 197 

Sewag(‘, leport on the treatment and 
utili/ation of, 166. 

Siemens (C W ) on a uniformity of 
weights and measuies, 198. 

Smith (W ) on a uniformity of weights 
and measure'^, 198 

Spots on the suiface of the lunar crater 
Plato, W R Birt on the discussion of 
observations of, 60 

Steam-boiler explosions, report on the 
various plans proposi'd for legislating 
on the subject of, 166. 

Stewait (Prof Balfour) on the rate of 
increase of underground tempeiature, 
14 

Sulpho-iirea, on the physiological action 
of, 156 

Sykes (Colonel) on a uniformity of 
weights and measures, 198 

Sylvester (Prof.) on the rainfall of the 
British Isles, 98 

Symons (G. .1 ) on the rate of increase 
of underground temperature, 14, on 
the rainfall of the Biitish Isles, 98. 

Tait (Prof ) on the thermal conductivity 
of metals, 97. 

Temperature, underground, report on 
the increase of, 14. 

Thermal conductivity of metals. Prof. 
Tait on, 97. 

equivalents of the oxides of chlo- 
rine, preliminary report on the, 293 

Thomson (James) on cutting and pre- 
paring sections of Mountain-limestone 
corals, 165, 
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Thomson (Prof. Sir W.) on the rate of 
increase of underground temperature, 
14 , on earthquakes in Scotland, 197 ; 
on tidal observations, 2Q3. 

Tidal observations, report on the ex- 
tension, improvement, and harmonic 
analysis of, 203. 

Tombnson (0.) on the rainfall of the 
British Isles, 98. 

Tristram (Rev. H. B ) on the practica- 
bility of establishing ‘‘a close time ” 
for the protection of indigenous ani- 
mals, 197. 

Underground temperature, report on the 
increase of, 14. 

Vivian (Edward) on the exploration of 
Kent’s Cav^ein, Devonshiie, 1, 

Voeloker (l)i. A ) on tlie treatment and 
utili/ntion of sewage, 1G6. 

Waley (Prof ) on a uniformity of plan 
lor the census of the United Kingdom, 


Webb (the Rev. T. W.) on lunar objects 
suspected of change, 60. 

Webster (Thomas) on steam-boiler ex- 

W plosions, 166. 

eights and measures, reporton the best 
means of providing for a uniformity 
of, 198. 

Whitworth (Sir J., Bart.) on a uniformity 
of weights and measures, ] 98. 
Williamson fPiof. A. W.) on the publi- 
cation of anstracts of chemical papers, 
69 , on the treatment and utilization 
of sewage, 166, on a uniformity of 
weights and measures, 198. 
Woodward (Henry) on the structure 
and classihcation of the fossil Crus- 
tacea, 63. 

Yates (James) on a uniformity of weights 
and measuies, 198. 

Zoological stations in ditferont paits 
of the world, report of the com- 
mittee for promoting the foundation 
of, 192. 
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MISCELLANEOUS COMMUNICATIONS TO THE 

SECTIONS. 


[All ado idv ("^) signifies that no abstract of the communication is given,'] 


9 

*Abramof (Major-General) on the prin- 
cipality of Karategin, 174 
Acoustic phenomena at Jebul Ndgits, in 
the peninsula of Sinai, Capt II. S. 
Palmer on an, 188 

*Adantean race of Western Europe, J. 

W. Jackson on the, 153. 

* Aerial currents, Prof. Colding on, 63. 
African, South, grasshopper, R. Tiiinon 
on a cuiious, 134. 

Age of the felstones and conglomerates 
of the Pentland Hills, on the, 101. 


Ages of the granitic, plutonic, and vol- 
cainc locks ot the Mouriie Mountains 
and Slievo Croob, co Down, Prof. 
Hull and W. A. Traill on tho rela- 
tive, 101 

*Ainsworth (Thomas), facts developed 
by the working of Inematite ores in 
the Ulvei stone and Whitehaven dis- 
tricts, GO. 

Air, Prof Ball on the resistance of the, 
to the motion of vortex-rings, 26. 

, C. Tomlinson on the behaviour of 
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supersaturated saline solutions when 
exposed to the open, 82. 

Aldehyde, Dr. Beynolds on the action 
of, on the two primary ureas, 76. 

Alexander (Colonel Sir J . E.) on sanitary 
measures for Scottish villages, 200. 

•Algeiia, Colonel Playfair on the hy- 
drographical system of the freshwater 
fish of, 134. 

Alloy of silver and copper, W. C. Ilo- 
herts on the molecular arrangement 
of the, employed for the British silver 
coinage, 80. 

Aluminous iron-ores of co. Antrim, Dr. 
Holden on the, 74. 

America, Central, Capt. Brine on the 
ruined cities of, 175. 

, North-west, Dr R Brown on the 

geographical distnbution of the floras 
of, 128. 

Ammonites, Bcv. J F. Blake on the 
Yorkshire Lias, and the distribution 
of its, 90 , list of, in the author’s cabi- 
net, 91. 

Anatomy of the stem of the screw-pine, 
Pandanus tUihs, Prof. Thiselton Dyei 
on the minute, 128 

Andrews (Piof), Address to the Che- 
mical Section, 57, on the dichioisni 
of the vapour of iodine, 60 , on the 
action of neat on bi online, GO. 

Andrewsite, Pi of Maskelj'iie on, 75 

*Animalculea, Dr J. Dougall on the rela- 
tive powers of laiious substances in 
preventing the generation of, or tlie 
development of their geims, with spe- 
cial reference to the geim-theory of 
putiefaction, 124 

Anthropology, Pi of Turner’s Address to 
the department of, 144. 

of Auguste Comte, J. Kaines on 

the, 153. 

of theMerse, Dr Beddoe on the, 147. 

*Antimony-ore, Pattison Muir on an, 
from New Zealand, 76. 

Antrim, co.. Dr. J. S Holden on the 
aluminous iron-ores of, 74. 

Ape, C. S. Wake on man and the, 162. 

•Apjohn (Prof ), some remarks upon the 
proximate analysis of saccharine mat- 
ters, 66. 

Arachnide, H. Woodward on the disco- 
very of a new and very perfect, from 
the ironstone of Dudley coal-field, 112. 

Arbroath, Dr. A. Brown on the mean 
temperature of, 60. 

Arctic expedition. Dr. Copeland on the 
second German, 175. 

* expedition, Capt. Ward on the 

American, 190. 


•Arctic fauna, Dr. C. Lutken on some 
additions to the, 133. 

•Artificial coronas. Prof. 0. Reynolds 
on, 34. 

hoiizon, C. George on a self-re- 
plenishing, 178. 

Abtoolepis of the Old Red Sandstone, 
J Miller on the so-called hyoid plate 
of the, 100. 

•Atlantic, Noilh, Prof. Wyville Thom- 
fcon on the paloeontological relations 
of the fauna of the, 134. 

Atlas lango. Dr. Hooker on the ascent 
of the, 179. 

Atmosphere, Prof. A. Buchanan on the 
pressure of the, as an auxiliary force 
m carrying on the circulation of the 
blood, 137. 

, Prof Everett on the geneial cir- 
culation and distnbution of the, 54. 

Atmospheric tides, the Rev Prof. Challis 
on the mathematical theoiy of, 51 

A'/oics, Dr Buys Ballot on the impor- 
tance of the, as a metereological sta- 
tion, 49. 

Pactn in, Dr B Sanderson and Dr. 
lu'riiei on the origin and distribution 
of, in water, and the circumstances 
winch deteimino then existence in 
the tis'^ues and liquids of the li\iiig 
body, 125. 

•Badakolan, rcpoit on, by Pandit Man- 
phal, 184. 

Balfour (Pi of) on the cultivation qf 
Ipecacuanha in the Edinburgh Bo- 
tanic Garden for tiansmission to India, 
127 

Ball (Pi of R S ) on a model of a co- 
lloidal cubic Hiifaco called the ‘Gy- 
lindioid,” which is piesented in the 
theory of the geometiical fieedom of 
a rigid body, 8 , account of experi- 
ments upon the resistance of airtotho 
motion of vortex-niigs, 20. 

Ballot (Dr. Buys) on the impoitance of 
the Azores as a meteorological station, 
49. 

Banftshire, George Seton on the ille- 
gitimacy of, 214 

•Basque race, the Rev. W. Webster on 
certain points concerning the origin 
and relations of the, 102. 

•Bastian (Dr. Charlton) on some new 
experiments relating to the origin of 
life, 122 

•Bath oolite, W. S. Mitchell on the de- 
nudation of the, 107. 

Becker (E. Lydia) on some maxims of 
political economy as applied to the em- 
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ployment of women and tho educa- 
tion of girl^, 201. 

Beddoe (Dr. J ) on the anthropology of 
the Merse, 147 , on degeneration of 
lace 111 Britain, 148. 

Beneden (Prof Van) sur les Chaiives- 
souiis do I’epoque dii mammouth et 
de Fepoque actuelle, 1*35. 

Binary ^uan tie, Prof Cayley on the num- 
ber ot covariants of a, 0. 

Biological Section, Dr Allen Thomson’s 
Addioss to the, 114. 

Birds, Dr. J Muiio on the do\olopment 
of fun**! within tho thorax of living, 
120 . 

, B. T. Lowno on the ciliated con- 
dition of the inner layer of tho blasto- 
derm in the o^ a of, and in tho oni- 
phalo-niesenteiic %esscls, 140, 242 

Bischof (Custav) on tho examination 
of watei foi sanitary purposes, 07. 

Blake (Dr Carter) and Dr Charnock 
on the physical, mental, and philolo- 
gical characteristics of tho Wallons, 
148. 

Blalco (Uev J. F ) on tho Yorksliire 
lias and the distribution of its ammo- 
nites, 90 

Blastoderm in the ova of birds, B T. 
Lown(‘ on the ciliated condition of 
the inner layer of the, 140, 242 

*Bleach]ng-powdei, II Deacon on Dea- 
con’s cliloime piocess as applied to 
the manufacture of, on tho laiger scale, 
09. 

Blood, Pi of A Buchanan on tho pres- 
suie of tho atmospheio as an auxiliary 
force in caiiMug on the circulation of 
the, 1.47. 

* , Dr A Gamgee on tho magnetic 

and diamagnetic piopeities of the, 138. 

Bloxam ('riiomns') on the influence of 
clean and unclean sui faces in voltaic 
action, 47. 

Bones and tlints found in the caves at 
Mentone and tho adjacent railway- 
cutting, jNI Moggndge on the, 155 

and flints found in a cave at Oban, 

Prof. Tinner on human and animal, 
160. 

Botlv (William) on land-tenure, 202. 

Boutdei -clays, llev. J. Gunn on tho 
agency of the alternate elevation and 
subsidence of the land in the forma- 
tion of, 100 

diift. Sir R Griffith on the, and 

Esker hills of Ireland, 98. 

Bouldeis, I) Milne Home on the con- 
8er\ation of, 107. 

Boyd (Thoma.8 J.) on educational hos- 


pital lefomi ; the scheme of tho Edin- 
burgh Merchant Company, 202 
Braham (Philip) on a set of lenses for 
tho accurate correction of ■visual de- 
fect, 37 ; on the crystallization of me- 
tals by elect! icily, 67, on an appa- 
latus lor working toipedoes, 229 
*Brains of insane people, Di. Tuke and 
Prof. Rutlieifora on morbid appear- 
ances noticed in the, 144. 

Bramwell (J. F ), account of some ex- 
peiiments upon a Carr Disintegra- 
toi ” at work at Messis Gibson and 
Walker’s flour-mills, 229 
Biine (Captain L ) on the ruined cities 
of Central Ameiica, 75. 

Britain, Dr Beddoe on degeneration of 
race in, 148. 

, J. S Phen4 on some indications 

of the manners and customs of tho 
early inhabitants of, 159 
Bromine, Dr Andrews on the action of 
heat on, 66 

Brown (Dr A ) on the mean tempera- 
tuie of Arbi oath, 60 
*Brown (Dr, A B ) on a direct-acting 
combined steam and hydraulic crane, 

231. 

Brown (Dr J ) on tho Silurian rocks of 
the south 01 Scotland, 93 , on the Up- 
pei Silurian locks of the Pentland 
IIills and Lesmahago, 93 
Brown (Dr. Robert), geological notes on 
tho Noursoak peninsula and Disco 
Island in North Gieenland, 94 ; on 
the flora of Greenland, 128 , on the 
geographical distribution of the floras 
of Noith-west America, 128, on tho 
interior of Greenland, 175 
Brown (Samuel) on the measurement 
of man and his faculties, 210. 

*Biown (the Rerv. Thomas) on speci- 
mens of fossil wood from the base of 
the Lower Caibomferous rocks at 
Langton, Berwickshire, 128 
*Biyce (Dr ) on certain fossils from tho 
I) urine limestone, N.W. Sutherland, 
94. 

Buchan (Alexandei) on the rainfall of 
Scotland, 232. 

• on the rainfall of the northern 

hemisphere in July, as contrasted with 
that of January, with remarks on at- 
mospheric circulation, 232 , on the 
great heat of August 2nd-4th, 1808, 

232. 

Buchanan (Prof A ) on the pressure of 
the atmosphere as an auxiliary force 
in canring on the circulation of the 
blood, 137. 
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Buchanan (J. Y.) on the rate of action 
of caustic soda on a watery solution 
of chloracetic acid at 100° 0., 07. 

Burmah and China, Major Sladen on 
trade-routes between, 189. 

•Burntisland, G. J. Grieve on the posi- 
tion of organic remains near, 98. 

•Cagayan Sulii Island, Capt. Chimmo 
on. 170. 

Camboja, Colonel Yule on Capt. Gar- 
nier’s expedition up the, 190 

Canonical form of spherical harmonics. 
Prof Cli fiord on a, 10. 

Capital, W. Westgarth on the law of, 
223 

*Caiahu8 nitens of the Scottish moors, 
Dr. Grierson on, 132. 

•Carbon-closet system, E. C. C. Stan- 
ford on the, 2 10. 

Carbonifeious and other old land-sui- 
faces, relics of the, by II. Woodwaid, 
113. 

formation in and around Edin- 
burgh, C. W. Peach on additions 
to the list of fossils and localities of 
the, 109. 

— rocks, Prof. W. C Williamson 
on the structure of Diploxylotiy a plant 
of the, 112. 

* rocks, lower, at Langton, Ber- 

wickshno, the Hev. T. Brown on 
specimens of fossil wood from the 
base of the, 128. 

Carpenter (Dr. W. B.) on the thermo- 
dynamics of the general oceanic cir- 
culation, 51. 

Carpus of a dog, Prof. W. II. Flower on 
the composition of the, 138. 

Cair Disintegrator,” J. F. Bramwell 
on some experiments upon a, at work 
at Messrs Gibson and Walker’s flour- 
mills, 229. 

Carr (Thomas) on a new mill for dis- 
integrating wheat, 233. 

Cariuthors (W.) on the vegetable con- 
tents of masses of limestone occurring 
in trappean rocks in Fifeshire, and the 
conditions under which they are pre- 
served, 94 

Caustic soda, J. Y Buchanan on tho 
rate of action of, on a watery solu- 
tion of chloracetic acid at 100° C., 
C7. 

Cave at Oban, Prof. Turner on human 
and animal bones and flints found in 
a, 160. 

Caves at Mentone, M. Moggndge on the 
bones and flints found in the, and ad- 
jacent railway-cutting, 155. 


Cayley (Prof.) on the number of cova- 
riants of a binary quantic, 9. 

Census reform, James Valentine on, 223. 

Centenarian longevity, Sir D. Gibb on, 
161. 

Cervical vertebrm in Cetacea, Prof. 
Struthers on the, 142. 

of Stoypirethyr, Prof. Turner on 

the, 144. 

Cetacea, Prof. Struthers on tho cervical 
vertebra) in, 142 ; Prof. Turner on tho 
placentation m tho, 144. 

Ceylon and India, Commander A. D. 
I’aylor on tho proposed ship-canal 
between, 189. 

Chain-cable testing, B. A. Peacock on, 
and proposed new testing-link, 240. 

Challis (Itev. Prof) on the mathema- 
tical theory of atmospheiic tides, 61, 

•Charcoal, I'J C. C, Stanford on tho re- 
tention of organic nitrogen by, 81. 

Charnock (Di ) on Le Sette Communi, 
a German colony in the neighbourhood 
of Vicenza, 148 

and Dr. C. Blake on tho physical, 

mental, and philological charactens- 
tics of the Wallons, 148. 

Chauv es-souris de I’dpoque du mam- 
mouth et de I’l^poquo actuolle. Prof. 
Van Benoden sur les, 135. 

Chemical dynamics, J 11. Gladstone and 
Alfred Tribe on, 70. 

Section, Pi of Andrews’s Address 

to tho, 66. 

•Chemistry, C. G. Wheeler on tho recent 
progress of, in tho United States, 83 

Chieno (Dr. John), an experimental in- 
quiry into some of the results of inocu- 
lation in the lower animals, 138. 

Children’s hospitals. Dr. W. Stephenson 
on the scientific aspects of, 221. 

•Chimmo (Capt.) on Cagayan Sulu Is- 
land, 176. 

China, Major Sladen on trade routes 
between Burmah and, 189. 

Chloracetic acid, J. Y. Buchanan on tho 
rate of action of caustic soda on a 
watery solution of, at 100° C., 67 

Chloiimotry, improvements in, 81 

Circulation and distribution of tho at- 
mospheie. Prof. Everett on the ge- 
neral, 54. 

of the blood. Prof. A. Buchanan on 

the pressure of the atmosphere as an 
auxiliary force in cariying on tho, 
137. 

• of the blood, exhibition of a model 

of the, by Prof. Kutherford, 141. 

Clark (Latimer) on a new form of con- 
stant galvanic battery, 47. 
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*01effli©m (Sheriff) on the Wellington 
reformatory, 211. 

Clifford ( W. K.) on a canonical form of 
sperical harmonics, 10. 

•Clifford on the secular cooling and the 
fi^re of the earth, 34. 

Coal and coke, F. Crace-Calvert on the 
estimation of sulphur in, 08. 

•Coal-beds of Panama, the Pcv. Dr. 
Hume on the, in reference mainly to 
their economic importance, 103. 

Coal-measuies, Prof. W. C. Williamson 
on the structure of the Dictyoxylom 
of the, 111. 

Codeia, Dr Wnght on certain now deri- 
vatives from, 

•Colding (Prof ) on aenal cui rents, 53. 

Colloid condition of matter, Dr W. 
Marcet on the nutrition of muscular 
and pulmonary tissue in health and in 
phthisis, with remarks on the, 140 

•Colour in plants, Neil Stewart on the 
functions of, during different stages of 
their development, 131. 

Compto, Auguste, J. Karnes on the an- 
thropology of, 153 

Conductivity, surface, for heat of a 
copper ball, D M‘Farlane on experi- 
ments to deterrame the, 4t 

Conglomerates, J 1 lendersoii on the age 
of the felstones and, of the Pentland 
Hills, 101 

Conoidal cubic surface called the cy- 
lindroid,” Prof Ball on a model of a, 8. 

Conservation of boulders, D. Milne 
Horae on the, 107. 

Continued fraction, J. W. L. Glaisher 
on the calculation of c (the base of the 
Napierian logaiithms) ftoin a, 10. 

Continuity of the fluid state of matter, 
speculations on the, by Prof. J. Thom- 
son, 30 

Contortion of rocks, L. C. Miall on the, 
106. 

Conwell (Eugene A) on an inscribed 
stone atNewhaggardmco Meath, 149 

Copeland (Dr ) on the second German 
aictic expedition, 175. 

Copper plates, J. H. Gladstone and A 
Tube on the corrosion of, by nitrate 
of silver, 29. 

Cordillera, Eastern, Clements R. Mark- 
ham on the, and the navigation of the 
river Madeira, 184. 

•Corliss engine, K. Douglas on the, 234. 

•Coronas, artificial, Prof. 0. Reynolds 
on, 34. 

Covariants of a binary (uiantic, Prof. 
Cayley on the number oi, 9. 

Grace- Cahert (F.) on the estimation of 


sulphur in coal and coke, 68 ; on the 
action of heat on germ-life, 122 ; on 
spontaneous generation, or protoplas- 
mic life, 123 

•Crag-deposits of Norfolk and Suffolk, 
J. S. Taylor on the later, 110 

•Crane, A. B Brown on a direct-acting 
combined steam and hydraulic, 231. 

•Crinoids, Prof. Wyville Thomson on 
the structure of the, 134. 

•Cross traced upon a hill at Cringletio, 
near Peebles, J. W. Murray on a, 156. 

Cruciferous fruit, Dr J. B. Nevins on 
the natuie of the, with reference to 
the replum, 130. 

•Cryptobranch, Prof Humphry on the 
caudal and abdominal muscles of the, 
140. 

Cryptogamia, \ascular. Prof W. 0. 
Williamson on the classification of the, 
as affected by recent discoveries among 
the fossil plants of the coal-measures, 
131. 

Crystallization of metals by electricity, 
P Braham on the, 67. 

Crystals of silver, J. H. Gladstone on, 

^ 1 . 

Curry (John) on the general conditions 
of the glacial epoch, with suggestions 
on the formation of lake-basins, 95. 

Curve of precession and nutation. Prof. 
Zenger on the nutoscopo, an appa- 
ratus for showing graphic^ly the, 36. 

Curves, Prof. F. W. Newman on doubly 
diametrical quartan, 20. 

Cylmdroid,” Prof Ball on a model of 
a conoidal cubic surface called the, 8. 

Daintree (R ) on the general geology o 
Queensland, 95. 

Dalzell (Johnj and T. E. Thorpe on the 
existence oi sulphur dichloride, 68. 

Dawkins (W. Boyd) on the relation of 
the quaternary mammalia to the 
glacial period, 95 , on the origin of 
the domestic animals of Europe, 149 ; 
on the attempted classification of the 
palaeolithic age by means of the mam- 
malia, 149 

•Deacon (H ), experiments on vortex- 
rings in liquias, 29, on Deacon’s 
chlorine process as applied to the 
manufacture of bleaching-powder on 
the larger scale, 69. 

Definite integi’als, J. W. L. Glaisher on 
certain, 10. 

Degeneration of race in Britain, Dr. 
Beddoe on, 148. 

Delffs (Prof ) on sorbit, 69 j on the de- 
tection of morphine by iodic acid, 69. 
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Democritus and Lucretius, T. M. Lind- 
say and W. H. Smith on, a question 
of priority in the kmeticJEil theory of 
matter, 30. 

*Dendy (W alter), a gleam of the Saxon 
in the Weald, 160 

•Denudation of the Bath oolite, W. S. 
Mitchell on the, 107. 

Dichroism of the vapour of iodine. Dr. 
Andrews on the, C6 

DictyoxyJons of the coal-measures. Prof 
W. C Williamson on the structure of 
the, 112. 

Dietaries m the vorkhouses of England 
and Wales, Dr. Edward Smith on the, 
141. 

Differential holophote,T. Stevenson on a, 
87. 

Dioptase, Prof. Maskelyne on the loca- 
lities of, 74. 

Dip-circle, Dr Joule on a new, 48. 

*I}iploxylon, Prof. W. C. Williamson 
on the structure of, a plant of the Car- 
boniferous rocks, 112 

Disintegrating wheat, T. Carr on a new 
mill for, 233. 

Dissection of a largo fin-whale, Prof. 
Struthers on some rudimentary struc- 
tures recently met with in the, 142 

Distances of some of the fixed stais, 
H. Eox Talbot on a method of esti- 
mating the, 34. 

Domestic animals of Europe, W. Boyd 
Dawkins on the origin oi the, 149 

Doomsday Book, F. P. Fellowes on a 
proposed, giving the value of govern- 
ment propel ty as a basis for a sound 
8} stem of national finance and ac- 
counts, 211 

•Dougall (Dr. John) on the lelative 
powers of various substances in pie- 
1 enting the generation of animalcules, 
or the development of their germs, 
with special reference to the germ- 
theory of putrefaction, 124 

•Douglas (K.) on the Corliss engine, 
234. 

Dredging at Madeira, Rev. R. B. Watson 
on, 137, 242 

expedition of the yacht ‘Norna,’ 

W S. Kent on the zoological results 
of the, 132 

Dredgings in Kenmare Bay, A. G. More 
on some, 133. 

Dry-bulb formula), Prof. Everett on 
wet- and, 64. 

Dudley coal-field, H. Woodward on the 
discovery of a new and very perfect 
Arachnide from the ironstone of the, 
112 . 


•Duns (Prof. J,), notice of two speci- 
mens of Echtnorhinm taken in the 
Firth of Forth, 132 j on the rarer 
raptorial buds of Scotland, 132. 

Dyer (Prof. W. T. Thiselton) on the 
minute anatomy of the stem of the 
screw-pine, Pandanus tdihs, 128 ; on 
the so-called ^Mimicry’ m plants, 
128. 

•Earth, Prof. Clifford on the secular 
cooling and figure of the, 34. 
*Echino)hinus, Prof. J. Duns on two 
specimens of, taken in the Filth of 
I^rth, 132. 

•Eclipse, solar, M. Janssen on the coming, 
84. 

•Eclipses, solar, J. N. Lockyer on recent 
and coming, 84 

Economic laws. Lord Neaves on, 197. 
Economic Science and Statistics, Address 
by the President, Loid Neaves, to the 
Section of, 191. 

Edinburgh Botanic Garden, Prof. Bal- 
four on the cultivation of Ipecacuanha 
in the, for transmission to India, 127. 

, 1) Grieve on the fossiliferous 

stiata at Lochend, near, 98 

Industrial Home for fallen women, 

AV M‘Bean on the, 212 

Merchant Company, T. J Boyd 

on educational hospital rcfoini, the 
scheme of the, 202 

, outline of the history of \olcaiuc 

action around, 88 , glacial phenomena 
in the neiglibourhood of, 89 

, C. AV. Peach on additions to the 

list of fossils and localities of the Car- 
boniferous formation in and aiound, 
109. 

•Education in India, A .Tyram-Row on 
the piesent state of, and its bearing on 
the question of social science, 212 

of gills, E Lydia Bcckei on some 

maxims of political ecoiiomv as ap- 
plied to the employment of women 
and the, 201. 

Educational hospital reform, Thomas J. 
Boyd on, 202. 

•Electric cables, C F. Varley on a me- 
thod of testing submerged, 48 
Electiicity, P. Braham on the crystal- 
lization of metals by, 07. 

Elliot (Sir AA'’alter) on the advantage of 
systematic cooperation among provin- 
cial ^Natural-History Societies, so as 
to make their observations available to 
naturalists generally, 124 
Elton (Capt. F.) on the Limpopo expe- 
dition, 178. 
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Employment of women, E. Lydia Becker 
on some maxims of political economy 
ns applied to the, and the education of 
girls, 201. 

Endemic disease, Dr. Moffat on geolo- 
gical systems and, 107. 

Enei gy, Prof. Everett on units of force 
and, 20 

England, J. W. Flower on the relative 
ages of the flint- and stone-implement 
periods in, loO. 

JEi wphorum alptnunif Linn , A. G. More 
on, as a British plant, 120. 

Erratic blocks. Sir li. Gnllith on the 
boulder-diift and Esker Hills of Ire- 
land, and the position of, in the country, 
08. 

Essential oil of orange-peel. Dr Wright 
and C. H Piesse on the oxidation 
products of, 83 

Everett, Pi of J D. on units of force and 
enei gy, 20 , on the geneial circulation 
and distribution of the atmosphere, 
64 J on wet- and dry-bulb formulm, 
64. 

Extinction of fires, William Ladd on a 
respirator for use in, 44. 

Fairlie (U. F.) on the gauge for railways, 
234. 

Fallen women, W. M^Bean on the 
Edinburgh Industrial Home for, 212 

Fat woman exhibiting in London, Sir 
D. Gibb on a, 162, 

•Fauna of the North Atlantic, Pi of. 
Wyville Thomson on the paleonto- 
logical relations of the, 134. 

Fellowes (F. P ) on a proposed Dooms- 
day Book, giving the i aluo of govern- 
ment property as a basis foi a sound 
system of national finance and accounts, 
211 . 

Felstones and conglomerates of the 
Pentland Hills, John Henderson on 
the age of the, 101. 

Feriier (Dr) and Dr B Sanderson on 
the origin and distiibution of Micro- 
zynics {JDacteiia) in water, and the 
circumstances which determine their 
existence in the tissues and liquids of 
the living body, 126. 

Fibrin, Dr. Goodman on, 72. 

Fifeshire, W. Cariutliers on the vege- 
table contents of masses of limestone 
occurring in trappean rocks in, 94. 

Fm-whale, Prof. Struthers on some ru- 
dimentary structures recently met 
with in the dissection of a large, 142. 

Fires, W. Ladd on a respirator for use 
in extmction of, 44. 


•Fish, freshwater, of Algeria, Colonel 
Playfair on the hydrographical sys- 
tem of the, 134 

Fish-spine, the Ilev. W. S Symonds on a 
new, from the Lower Old lied Sand- 
stone of Hay, Breconshire, 110. 

Fixed stars, 11 Fox Talbot on a me- 
thod of estimating the distances of 
some of the, 34. 

Fletchei (A E ) on the rhysiraeter, an 
instrument for measuring the speed 
of floating water or of ships, 234 

Fletcher (Lavington E.) on steam- 
boiler legislation, 234. 

Flint- and stone-implement periods in 
England, J. W. Flower on the rela- 
ti\e ages of the, 160 

• implements, the Abbe Richaid 

on the disco\ery of, in Egypt, at 
Mount Sinai, at Galgala, and in 
Joshua's tomb, 100. 

Flints found in the caves at Mentone 
and the adjacent railway-cutting, M. 
Moggiidgo on the bones and, 166. 

found m a cave at Oban, Prof. 

Turner on human and animal bones 
and, 100. 

Flora of Greenland, Dr. R. Brown on 
the, 128 

Floras of North-west America, Dr. R. 
Brown on the geographical distribu- 
tion of the, 128. 

Flowei (J W ) on the relative ages of 
the flint- and stone-implement peiiods 
in England, 150 

Flower (Pi of. W. H.) on the composition 
of the carpus of a dog, 138. 

Food, the Rev. H Ilighton on a me- 
thod of preseivmg, by munatic acid, 
73. 

Force and energy. Prof. Everett on 
units of, 29 

Fossil plants of the coal-measures. Prof. 
W. G Williamson on the classifica- 
tion of the va&cular Cryptogamia, as 
affected by recent discov ones amongst 
the, 131. 

* wood, the Rev% T. Brown on 

specimens of, from the base of the 
lower caiboniferous rocks at Langton, 
Berwickshire, 128 

Fossiliferous strata. Dr Grieve on the, 
at Locliend, neai Edmbuigh, 98. 

•FossiD, Dr Brice on certain, from the 
Dunne limestone, N.W. Sutherland, 
94. 

Fraction, continued, J. W. L. Glaisher 
on the calculation of e (the base of 
the Napierian logaiithms) from a, 10, 

Frost, Prof. J. Thomson’s observations 
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on water in, rising against gravity 
rather than freezing in the pores of 
the earth, 34. 

Fruit, cruciferous, Dr. J. B. Nevins on 
the nature of the, with reference to 
the replum, 130. 

Fungi within the thorax of living birds, 
Dr. James Murie on the development 
of, 129. 

Gala group, 0. Lapworth on the Grap- 
tolites of the, 104. 

Galvanic battery, Latimer Olaik on a 
new form of constant, 47. 

•Gamgee (Dr. A.) on the magnetic and 
diamagnetic properties of the blood, 
138. 

Garnier’s (Cnpt ) expedition up the Cam- 
boja. Colonel Yule on, 290 

Gauge for railways. It. F. Faiilio on the, 
232. 

Geikie (Prof. A.), Address to the Geolo- 
gical Section, 87 , on the progress of 
the Geological Survey in Scotland, 90 

Generation, spontaneous, F. Crace-Cnl- 
vert on, 123. 

•Generation ot animalcules, Dr. J. Dou- 
gall on the relative powers of various 
substances m pieveiiting the, or the 
development of their germs, with 
special reference to the germ-theory 
of putrefaction, 1 24 

Geographical distnbution of petroleum 
and allied products, Colonel U. Mac- 
lagan on the, 180. 

Section, Colonel Yule’s Address to 

the, 162 

Geological notes on the Noursoak penin- 
sula and Disco Island in North Green- 
land, 94. 

Section, Prof Geikie’s Addiess to 

the, 87. 

Survey in Scotland, Prof. A. Gei- 
kie on the progress of the, 90. 

systems and endemic disease, Dr. 

Moflk on, 107. 

Geology of Queensland, P Daintree on 
the general, 95. 

Geometrical freedom of a rigid body, 
Prof. Ball on a model of a conoidal 
cubic surface called the “cylindroid,” 
which is presented in the theory of 
the, 8. 

George (C.) on a self-replenishing arti- 
ficial horizon, 178. 

German arctic expedition. Dr. Copeland 
on the second, 175. 

Germ-Hfe, F. Crace-Calvert on the ac- 
tion of neat on, 122. 

•Germ-theory of putrefaction, Dr* J* 


Dougall on the relative powers of 
various substances in preventing the 
generation of animalcules, or the de- 
velopment of their germs, with spe- 
cial reference to the, 124. 

Gibb (Sir Duncan) on the uses of the 
uvula, 139 J on some abnormalities of 
the larynx, 139 j on centenarian lon- 
gevity, 151 , on a fat woman exhibit- 
ing in London, 152, 

•Gill (Dr ) on the parallax of a plane- 
tary nebula, 34. 

•Gillott (Thomas) on designing pointed 
roofs, 239. 

•Gmsburg (Dr.), further disclosm’es of 
the Moabite stone, 179. 

Glacial epoch, John Cuiry on the ge- 
neral conditions of the, 95, 

peiiod, W. Boyd Dawkins on the 

relation of the quaternary mammalia 
to the, 95. 

phenomena in the neighbourhood 

of Edmbui gh, 89. 

Glacieis, Rev. J Gunn on the agency 
of the alternate elevation and subsi- 
dence of the land in the foimation of 
boulder-clays and, 100. 

Gladstone (J II.) on ciystals of silver, 
70. 

and A. Tribe on the coriosion of 

copper plates by nitrate of silver, 29 j 
experiments on chemical dynamics, 
70 


Glaisher (.T. W. L ) on ceitain definite 
integrals, 10 , on Lambert’s pi oof of 
the irrationality of tt, and on the ir- 
rationality of certain other quantities, 
12 , on the calculation of c (the base 
of the Napieiiaii lopaiithms) from a 
continued fraction, 16 

Gla‘'S, Prof. Stokes on the researches of 
tlie late Rev W Y llaicourt on 
the conditions ot tiansparency in, 
and the connexion between the che- 
mical constitution and optical piopei- 
ties of diflerent glasses, 38. 

Glv^colic alcohol and its heterologues, 
ilr. Otto Richter on the chemical 
constitution of, 78. 

Goodman (Dr, John), note on fibrin, 
72 


Government action on scientific ques- 
tions, Lieut. Colonel Strange on, 56. 

Granitic, plutonic, and volcanic rocks 
of the Mourne Mountains and Slieve 
Croob, Prof. Hull and W. A. Traill on 
the relative ages of the, 101. 

Graptolites of the Gala group, C. Lap- 
worth on the, 104. 

Grasshopper, R, Tnmen on a curious 
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Houtli African, which mimics with 
much recision the appearance of the 
stones among which it lives, 134. 

Gie.it Doward, Whitchurch, Ross, the 
Rev. W. S. Sjmonds on the contents 
of. a hyeena’s den on the, 109. 

Greenland, Dr, R. Brown on the flora 
of, 128. 

, on the interior of, 176. 

, North, geological notes on the 

Noursoak peninsula and Disco Island 
111 , by Dr. R. Brown, 94. 

Grierson (T. B ) on the establishment 
of local museums, 120. 

* on the (Jarahus nvtms of the Scot- 

tish moors, 132. 

Grieve (D) on the fossiliferous strata 
at Lochend near Edinbnigb, 98 

*Giieve (G. J ) on the position of oi- 
g.iiiic remains near Bui nti bland, 98 

Giilhtli (Sii R ,Bait ) on “ the bouldei- 
drift and E^ker Hills of Ireland,” and 
“ on the position of eiratic blocks in 
the country,” 98 

*G)onmia (including Schishdnim), J. 
y.idlei) on the species of, as repre- 
.sented in the iieighbouihood of Ediii- 
buigh, 131 

^Guatemala, W. B. Richardson on the 
Volcande Agua, near, 189 

Gunn (Ro\. J ) on the agency of the 
alternate elevation and subsidence of 
the land in the formation of bouldei- 
clays and glaciers, and the e\ca\ atioii 
of \ alleys and bays, 100. 

*Gurhwal, Biitish, Capt. A. Pullanon, 
189. 

*IIiematito ores, Thomas Ainsworth 
on facts developed by the working of, 
in the Ulvcrstone and Whitehaven 
districts, (JO. 

ILemoglobm in the muscular tissue, E. 
R Lankostor on the existence of, and 
its relation to muscular activity, 140 

riarcouit (the late Rev. W. Vernon), 
I’rof. Stokes on the reseaiches of, 
38. 

*Haikness (Prof), one of the eailiest 
forms of Tiilobites exhibited by, 100. 

Haikness (William), prelimmaiy notice 
on a new method of testing samples 
of wood-naphtha, 72. 

*IlaiTi3 (George) on the hereditary 
transmission of endowments and qua- 
lities of different kinds, 162 ; on the 
comparative longevity of animals of 
different species and of man, and the 
probable causes which mainly con- 
duce to promote this difference, 163. 


Health, Dr, W. Marcet on the nutrition 
of muscular and pulrnonaiy tissue in, 
and 111 phthisis, 1 10 

Heat, Dr. Andrews on the action of, on 
bromine, GO. 

, F. Crace-Calvert on the action of, 

on germ-life, 122 

, C. R C Tichborne on the disso- 
ciation of molecules by, 81. 

* of August 2nd-4th, 1808, A, 

Buchan on the great, 232 

of a coppei ball, D MT^ailane on 

experiments to determine the surface 
conductivity for, 44. 

^Heavens, R A. Proctor on the con- 
stiuction of the, 34. 

Hebiides and West Highlands, J. S. 
Phene on an expedition for tlie special 
investigation of the, in seaich of evi- 
dences of ancient seipeut worsliip, 
158. 

Henderson (John) on the .ago of the 
felstoiies and tonglomeiates of the 
Pentland Hills, 101 

*Heiedit<iiy tiansmission of endow- 
ments and qualities of diiferent kinds, 
G. Hams on the, 161 

Hiei oglyphic sculptuies, Lieut. -Colonel 
Leslie on ancient, 155. 

Ilighton (the Rev H ) on a method of 
pieserving food by muriatic acid, 73. 

*Himalaya3 and Central Asia, Trelaw- 
ney Saundeis on the, 189. 

Holden (Dr, J. Sinclair) on the alumi- 
nous iion-oies of CO Antiim, 74. 

Iloloplnte, differential, T. Stevenson on 
a, 37. 

Hooker (Dr. J. D ), ascent of the Atlas 
range, 179 

Horizon, C. (looige on a self-ieplenish- 
ing artificial, 178. 

Hospitals, ]Jr W. Stevenson on the 
scientific aspects of childien’s, 221. 

*Hoyle (William) on political economy, 
paupeiisni, the labour question, and 
the liquor traffic, 212 

Hull (Prof. Edwaid) and W. A. Traill 
on tlie lelative ages of the granitic, 
plutonic, and \olcainc locks of the 
Moumo Mountains and Slieve Croob, 
CO. Down, 101. 

•Hume (Rev. Dr ) on the coal-beds of 
Panama, in reference mainly to their 
economic importance, 103. 

•Humphry (Prof.) on the caudal and 
abdominal muscles of the Crypto- 
branch, 140. 

Hycena’s den, the Rev. W. S. Symonda 
on the contents of a, on the Great 
Howard, Whitchurch, Ross, 109, 
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Hydrocarbons, Prof. W. Swan on the 
wave-leuffths of the spectra of the, 43. 

•Hydro- geology, L’Abhd Richard on, 
109 

Hyoid plate of the Asterolepis of the 
Old Red Sandstone, J. Miller on the 
so-called, 106. 

•Ibrahim Khan, a journey from Yassin 
to Yaikand, 180. 

Illegitimacy of Banifshire, George Seton 
on the, 214 

•Implements found m King Arthur’s 
Cave, the Rev W. S Symonds on, 160. 

India, Pi of. Balfour on the cultivation 
of Ipecacuanha in the Edinburgh Bo- 
tanic Garden for tiansmission to, 127. 

, A. Jyram-Row on the present 

state of education in, and its Dearing 
on the question of social science, 212 

Indian statistics and official lepoits. Dr 
G Smith on, 220 

Inhabitants of llritain, early, J. S. Phend 
on some indications of the manners and 
customs of the, 159. 

Inoculation, an experimental inquiry in- 
to some of the lesults of, in the lower 
animals, 138 

•Insane people. Dr J B Tuke and Prof. 
Rutherford on tlie morbid appearances 
noticed in the brains of, 144. 

Inscribed stone at Newhaggard, co, 
Down, Eugene A Conwell on an, 149. 

Integmls, definite, J. W. L. Glaisher 
on certain, 10 

Iodic acid, Prof. DelfFs on the detection 
of morphine by, 69. 

Iodine, Dr. Andrews on the dichroism 
of the vapour of, 66. 

Ipecacuanha, Prof. Balfour on tlie culti- 
vation of, in the Edinbuigh Botanic 
Garden for traiT^nnssion to India, 127. 

Ireland, Sir R Giiffith on the bouldei- 
diift and Esker Hills of, and on the 
position of the erratic blocks in the 
country, 98. 

Iron-ores, aluminous, Dr J. S. Holden 
on the, of co. Antrim, 74. 

Ironstone of the Dudley coal-field, II 
Woodward on the discovery of a new 
and very perfect Arachnide fiom the, 
112 . 

Irrationality of tt, Lambert’s proof 
of the, J. W. L. Glaisher on, and the 
iiTationality of certain other quan- 
tities, 12. 

Islay, J. Thomson on the stratified rocks 
of, 110. 

— — , 0. W. Peach on the so-called 
tailless trout of, 133, 


•Jackson (J. W.) on the Adantean race 
of Western Europe, 153 
•Janssen (M.), some loniarks on physics, 
29 J on the coming solar eclipse, 34 j 
observations physiques en ballon, 55. 
Jebel Nagiis, in the peninsula of Sinai, 
Capt. 11. S. Palmer on an acoustic 
phenomenon at, 188. 

Jenkins (Prof. Fleeming), Address by, 
to the Section of Mechanical Science, 
225 

•Jerusalem, G. St. Clair on the topo- 
graphy of ancient, 189 
Joule (Dr J P ), notice of and obser- 
vations with a new dip-circle, 48 
•Jyram-Row (A.) on the present state 
of education in India, and its bearing 
on the question of social science, 212. 

Kaines (J.) on the anthropology of Au- 
guste Comte, 153. 

Kent (W. Saville) on the zoological 
results of the diedging-expedition of 
the }acht ^Noina’ oil the coast of 
Spain and Portugal in 1870, 1.32 
Kinotical theory of matter, T M Lind- 
say and W R Smith on Demociitus 
and Lucretius, a question of piioiity 
111 the, 30. 

•King Arthui’s Cave near Wlutchuub, 
Rev. W S Symonds on implements 
found in, IGO. 

King (Di R ) on the Lapps, 153. 

•Labour classes of England, Wales, and 
Scotland, W. Taylei on the manual, 
223 

Ladd (William) on a respnator for use 
in extinction of iires, 44 
Lake-basins, J Cuiiy on the geneial 
conditions of the ghu .al ('poch, with 
suggestions on tin' foimation of, 95 
Lambert’s pi oof of tlie ii rationality of 
TT, J W Ij Glaisher on, 12 
•Lamport (Chailes) on naval eiliciency 
and dockyaid economy, 212 
Land, Rev. J Gunn on the a! 2 :en(yor 
the alteinate elevation and suhsideiif o 
of the, in the foimation of boulder- 
clays and glaeieis, and the excavation 
of vallevs and bays, 100 
Land-surfaces, old, 11. 'W'oodvv'aid on 
relics of the caiboniferoiis and other, 
113. 

Land tenure, William Botly on, 202. 
Lankester (E. Ray) on the existence of 
hcemoglobm m the muscular tissue 
and its relation to muscular activity, 

140. 

Lappa, Dr, R, King on the, 153. 



INDEX II. 


257 


Lapworth (Charles) on the Graptolites 
of the (fala {?roup, 101 

and James W ilson on tlie Silurian 

locks of the counties of lloxburgh and 
Solkiik, 103. 

Larynx, Sii I) Gibb on some abnormali- 
ties of the, 139. 

l^aw of capital,W. Westgartli on the, 223. 

Jjegitimacy, questioned, G. Seton on 
certain cases of, under the Scottish 
llegistratioii Act, 217. 

Lenses for the accurate correction of 
\ isual defect, Philip Brahnm on a set 
of, 37. 

Lo Sette Communi, Dr. Chainock on, 
a Geinian colony in the iieighbour- 
liood of Vicenza, 14H. 

Leslie (Lieut -Colonel Foibes) on mo- 
gahlhic circles, 154 , on ancient hiero- 
ghpliic sculptiiit's, 155. 

Le anahago. Dr J. Ibown on the Upper 
Siluiian locks of the Peiitland llills 
and, 93 

^JiCwis (W. A ), a proposal foi a modi- 
lication of the strict law of piiority m 
zoological iionicnclatuio iii ceitam 
cases, 133. 

Lias, Rev. .1 F Blake on the Yorkshiie, 
and the distiibutioii of its ainmomtes, 
90 

*Life, origin of, Dr Bastian on some 
new oxporinients relating to the, 122. 

Lift', piotoplasniic, F. Ciacc-Calvert on, 
121 

Liglitliouses, T. Stevenson on a parabo- 
loidal reflector toi, 37. 

Limeslone, C aiintheis on the vege- 

table contents of masses of, occuiiing 
in tiappoan loilcs in Fifeshne, 94 

Linipoiio expedition, Capt. F Fltoii on 
the, 178 

LiinLay (T. hi) and W. R. Smifh on 
Di'inocritus and Lucretius, a question 
ol piioiitv ill the kinetical tlieory of 
mattei, 30. 

Liiu'ai dilleiciitial equations, W. II L 
Russell on, 23 

Local muac'ums, T. B Giiersoii on the 
ediblishnient of, 120 

*Logaiithms, Piof Purser on Napier’s 
oiiginal method of, 23 

Longovit), Sir D, Gibb on cento iiaiian, 
lol 

* of aniiuiils of diHerent species and 

of man, G. Hams on the coinpaia- 
tn e, and the probable causes winch 
mainly conduce to promote this dif- 
feicnce, 153. 

•Ijovett (Capt. B.) on the interior of 
hlekran, 180 , 
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Lowne (B. T.) on the ciliated condition 
of the inner layer of the blastodeim 
in the ova of buds, and in the om- 
phalo-niesenteric vessels, 140, 242 
Lucretius and Democritus, T. M. Lind- 
say and W R Smith on, a question 
of priority m the kinetical theory of 
matter, 30. 

*Lutken (Di. Christian) on some recent 
additions to the arctic fauna (a luiw 
Antipathcn and a new apodal Lo- 
phioid), 133. 

*Macalister (Prof A.) on the beaiing of 
mU'Cular anomalies on the Daiwiman 
theory of the origin of species, 140 
hPBean (W.) on the Fdinbmgh Indiis- 
tiial Home for fallen women, 212 
Cann (Rev Dr. J ) on the oiigin of 
the moral sense, 155 
MacCiillngh’s theorem, W. 11. Tj. Rus- 
.sell on, 23 

hPFailane (Donald) on experiments to 
determine the surface conductivity lor 
heat of a copper ball, 44. 

*M‘Keudrick (Dr ) on a new form of 
tetanoiiieter, 140 

Maclagan (Colonel R ) on the geogra- 
phical distribution of petroleum and 
allied products, 180. 

Madeira, the Rev. R. B. Watson on 
di edging at, 137, 242. 

*Magnetic and diamagnetic properties of 
the blood, Dr. A. Gaiiigee on the, 138 
Mammalia, quaternary, W. Boyd Daw- 
kins on the relation of the, to the gla- 
cial peiiod, 95. 

Mammouth, Pi of van Benoden sur les 
Chauves-'^ouijs de Rdpoque du, et do 
rdpoque actuelle, 135. 

Man and the apo, C S. Wake on, 4 (>2 

and his faculties, Samuel Brown on 

the mea.surement of, 210. 

*Mann (Di. R .1 ) on the foimation of 
sand bans, 184. 

*Manphal (Paudit),icport on Badakolan, 
184 

•Maiahon, M. A Wertherman on tlu' 
cxploiation of the headwateis of tlu', 
190 

Marcet (Dr William) on the nutntioii 
of muscular and pulmonary tiss.u' in 
h< alth and in phtliisis, with lem.ul^s 
on tho colloid condition of mattei, 

140. 

Markham (Clements R.) on tho eastern 
Cordilleia, and the navigation ot tlu' 
liver Madeira, 184; on tho gcogia- 
phical position of the tnbes winch 
formed the empire of tho Yncas, 185. 
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Maskelyne (Prof. N. Story), localities of 
dioptase, 74 ; on andrewsite, 75. 

Matliematical and Physical Science, 
Address by the President, Prof. Tait, 
to the Section of, 1. 

Mathematical theory of atmospheiic 
tides, the Rev. Prof Challis on the, 
51. 

Matter, kinetical theory of, T. M. Innd- 
say and W. R Smith on Deinociitus 
and Lucietius, a question of priority 
ill the, dO. 

, speculations on the continuity of 

the lluid state of, and the relations 
between the i^aseous, tlie liquid, and 
solid states, by Prof J. 'riioinson, 50 

Mechanical Science, Addiess by the 
I’lCftident, Prof Fleeming Jenlvin, to 
the Section of, 225. 

Mepalithic elides, Liout.-Col. P Leslie 
on, 154. 

*Meikle (.Tames) on the mode of asses- 
sing for the poor-rates, 215. 

*Melvian, Capt. 13. Lovett on the inte- 
iior of, 180. 

* ,Ma]oi Ross on ajouiiicy tlirough, 

1.S9 

Menteath (P W. Stuart) on the origin 
of volcanoes, 101. 

^lenifield (C W) on ceitam families 
of surfaces, 18. 

Mei^e, l)i Reddoe on the anthropology 
of the, 147. 

Metals, P. Rialiam on the crystalli/ation 
of, by electricity, 07. 

“^Metiical measures, (1. J. Stoney on the 
1 elation between Ihitish and, 222 

Miall (L. 0 ), further experiments and 
Kunarks on the contoition of rocks, 
100 

■^^Iichell (W. P ), IS the stone ago of 
Lyell and Lubbock as yet at all pro- 
\eiL‘^, 155 

Micio/ymes (Rrtc^o <«),Pr 13 Sanderson 
and Dr Feriier on the origin and dis- 
tiibution of, in water, and the cir- 
c uiU'.tanccs which deteimiiie their ex- 
istence in the tissues and liquids of the 
h\ing body, 125. 

jMiIcs (Capt ) on the Somali coast, 180 

INIiller (John) on the so-called hyoid 
plate of the Asteiokpii, of the Old 
lied Sandstone, lOG, 

Milne-IIome (D ) on the conservation 
of boulder.s, 107. 

IMimicry ' in plants. Prof. Thiselton 
Dyer on the so-called, 128. 

* Mitchell (W. S ), fuither remarks on 

the denudation of the Bath oolite, 
107. 


Moab, E. H. Palmer on the geography 
of, 187. 

•Moabite stone. Dr. Ginsburg on further 
disclosures of the, 179. 

Mock suns observed in Ireland, W. A. 
Traill on, 60. 

Moffat (Dr. T ) on ozonometry, 70, on 
geological systems and endemic dis- 
ease, 107. 

Moggridgo (M ) on bones and flints 
found in the caves at Miuitone and 
the adjacent railway-cutting, 155 
•Moigno (the Abbe), posto photogia- 
phique, 44 

Moleculai airangenient of the alloy of 
silver and coppei, W. C Robeits on 
the, employed foi the Ihitish silvei 
coinage, 80. 

Moon, W. Pengelly on the inlluence of 
the, on the lainfall, 55. 

*Moial sense, the Rev. Dr McCann on 
the oiigiu of the, 155. 

Moie (A G ) on ISpu (tntJies Itonumzo- 
viana^ Cham, 129, on JUt lopJw) um 
aJpinumf Linn., as a Biitish plant, 
129 , on the occurience of brown trout 
in salt watei, 155 , on some diedgings 
in Keiimaie Day, 135. 

Morphine, Prof Dellls on the detection 
of, by iodic acid, 09 

•Morns (Ri‘V. F. O ) on eiicroachiiKuits 
of tlio sea on the ea.st coast of \ oik- 
shiie, 187 

Moirison (.1 D.) on a new system of 
vvaiming and ventilation, 240 
Morse printing teh'giaph, Pi of Zenger 
on a new key for tin', 48 
Mobsman (S ) on the inundation and 
subsidence of the Yaim-ts/o iiver, in 
China, 187 

Mourno Mountains and .Slievai Croob, 
Prof. Hull and W A Ti.iill on the 
relative ages of the g)anit]c,plutonic, 
and volcanic locks of the, 101 
*Muir (I’attiHon) on an antiniony-orc 
fiom New Zealand, 70 
Muiiatic acid, the Rev IT Jliphton on 
a method of pieseiving food bv, 75 
Murio (Dr J ) on the development of 
fungi within the thorax of living hiids, 
129, on the systi'inatic position of 
kSiuUhenum (lujiudeam, 108 
•Muiiay (J. AVYlfo), note on a cross 
traced upon a hill at Ciinpletie, mar 
Peebles, 150. 

Muscular activity, E. R Ivankester on 
the existence of Inomoglobin in the 
muscular tissue, and its relation to, 140 
Muscular and pulmonary tissue m health 
and in phthisis. Dr. W. Maicet on the 
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nutrition of, with remarks on the 
colloid condition of matter, 140. 

^Napiei's oiigiiial method of logaiithm«i, 
Pi of Ihirser on, 2d. 

National finance and accounts, F. 1* 
Fellows on a proposed Doomsday 
Book, givingthe \aluo of goveimnent 
property as a basis for a sound system 
of, 211 

Natuial-history societies, Sir W. Elliot 
on the adianlago of systematic co- 
opeiation among provincial, so as to 
make their obseivations a\ailabloto 
natuialists generally, 124 

*Nav<)l elliciency and dock} aid ccononi}', 
C Lampoit on, 212. 

Neaves (Loid) Addicss to the Section of 
Economic Science and Statistics, 101. 

*NcbiiIa, Dr. (fill on the paiallax of a 
planetary, d4 

Ne\ ms (Di J B ) on the changes which 
occur in plants duiing the iipenmg of 
the seeds, L‘30 , on the nature of the 
ciuciferous fiuit, with refeience to the 
leplum, 130 

Newman (Prof. F. W.) on doubly dia- 
metial quaitan cuives, 20. 

Nitiate of siher, J. 11 Gladstone and 
A Tube on the coriosion of copper 
plates by, 20. 

*Nitrogcn, oiganic, E. C 0. Stanfoid 
on tile letention of, by thaicoal, 81 

Nutation, Piof Zeiigeron the nutoscope, 
an appaiatus for 8ho^Mng giaphically 
the cuive of piecession and, 3(3. 

Nutoscope, Prof Zengei on the, an ap- 
paratus for showing giaphically the 
cune of precession and nutation, 3(} 

Nutiition of muscular and pulmonaiy 
tissue in health and in phthi.sis, Di 
W. Marcet on the, with lemarks on 
the colloid condition of matter, 140 

Oban, Argyllshire, Piof. Turner on hu- 
man and animal bones and flints found 
111 a cave at, lOO 

Oceanic ciiculation, Dr W B Caipentor 
on the thermo-dynamics of the geiie- 
lal, 51 

Old Bed Sandstone, J. Miller on the sc** 
calhal hyoid plate of the Asteiolqns 
ol the, 10(5, lower, of Hay, Brecon- 
sliiie, the Bev \V S Synionds on a 
new lish-spine fiom the, 110 

Omplialo-mesenteiic vessels in the egg 
ot the common fowl, B T. Lowne on 
file ciliated condition of the inner 
l^^el ot the blastoderm and of the, 
140,242. 


Optical properties of different glasses. 
Prof Stokes on the researches of the 
late Bev. W. V.' Harcourt on the 
conditions of transparency in glass, 
and the connexion between the che- 
mical constitution and, 38 

Orange-pei'l, Di Wright and C. II. 
Ibesse on the oxidation products of 
es'icntial oil of, 8 b 

Organi/ation of societies, B. B Walker 
on the, nationally and locally con- 
sideied, 223. 

*Oiigin of life, Dr. Charlton Bastian on 
some iicwexpciiments relating to the, 
122 . 

*Oi]gin of ‘-pecie'j, Piof A. Macalistoron 
tlie healing of musculai anomalies on 
the Darwinian theory of the, 1 40. 

(Origin of the domestic animuls of 
I'airopo, W. Bo}d Dawkins on the, 
140 

*Oiigin of the moral sense, Bev. Dr 
M'Cann on the, 155 

Oiigin of volcanoes, lb W. Stuait Men- 
teath on the, 104 

Oikiicjs, (t. Petiie on ancient modes of 
sepultuic in the, 15(5. 

Ovidation products of essential oil of 
oiange-pecl, Di AViight and C II. 
Ihesse on the, 83. 

0/onometiy, Di. Moftat on, 70 

Pnheolitliic age, W Bo}d Dawkiiys on 
the attemjited clas^ilication of the, 
by means of the mammalia, 149. 

*P<dladiu3 (the Aichimandiito), letters 
from \ladi\ostok andNikolsk, youth 
Ussini distiK t, 187 

Palmei (E II ) on the geogiapby of 
Moab, 187 

Palmer (Capt II 8 ) on an acoustic phe- 
nomenon at Jebel Niigiis, in the penin- 
sula of Sinai, 188 

^Panama, the Bev. Dr. Ilume on the 
coal-beds of, iii refeience mainly to 
then economic impoitinct', 102 

Pandiuws ufihSjVroi Thisdton 1)} er on 
the minute anatomy ol tlie stem of 
the sciew-pine, 128 

Paiaboloidal reflector for lighthouses, 
Thomas Ste\ enson on a, 37 

Paihelia, oi mock suns, oliseivedin Ire- 
land, W A Traill on, 5(5 

PaititioiivS, J J Sylvester on the theory 
of a point in, 23 

Peach (C W.), additions to the list of 
fossils and localities of the cuboiii- 
fc'rous foinmtion in and around Edin- 
buigh, 100, on the so-called tailless 
tiout of Dh y, 133. 
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Peacock (R. A.) on chain-cable testing 
and proposed new tosting-hiik, 240 

Pongelly (W.) on the iniluonco of the 
moon on the rainfall, 65. 

Pentland Hills and Lesmahago, D. J. 
Brown on the Upper Silurian rocks of 
the, 93 ; J. Ilendeison on the ago of 
the felstones and coiigloinciates of 
the, 101. 

Potcrkin ( W. A.) on the administration 
of the Poor Law, 213. 

Petiie (George) on ancient modes of 
sepulture m the Oikneys, 15G. 

Peti oleum and allied pioducis, Colonel 
R. Maclagan on the geogiapliical dis- 
tribution of, 180. 

Phent5 (J. S ) on an expedition for the 
special investigation of the Ilebiides 
and West Highlands in scaich of 
evidences of ancient 8ei*]^)ent worship, 
168 , on some indications of the man- 
ners and customs of the eaily inhabi- 
tants of Bntani, 169. 

Phipson (Dr T. L ) oiircgiainc acid, 7G. 

Phosphorus chloiideS, contributions to 
the history of, 81. 

^Photographic dr^ pioccss, R Sutton 
on a new, 44. 

Phthisis, Dr W Marcet on the niiti itioii 
of muscular and pulmonaiy tissue in 
health and in, 140. 

•Physics, some lemaiks on, by M Jans- 
sen, 29. 

Piesse (0. II ) and Dr. Wiight on the 
oxidation piodncts of the essential oil 
of orange-peel, 83 

Placentation of the Cetacea, Prof Turner 
on the, 144 

•planetary nebula, Di. Gill on the pa- 
lallax of a, 31 

Plants, Pi of ThisGton Dyer on the so- 
called ‘ iniiiiK ly ’ in, 128. 

, Dr. J B Neviiis on the changes 

which occur in, dining the iipening 
of the seeds, 130 

• , Neil Stewart on the intimate 

sti net lire of apiial ducts in, and their 
relationship to the tlowei, 131 , an 
inquiry into the functions of colour 
in, dining ditferent stages of then 
development, 131. 

•Playfair (Colonel) on the hydrogia- 
phical system of the freshwater hsh 
of Algeria, 134. 

Plutonic, and volcanic locks of the 
Alourne Mountains and Shevo Ciooh, 
Pi of Hull and W. A. Ti.aill on the 
relative ages of llu' gmiiitic. 101. 

Point in pnititions, J. J. Svlvester on 
the theory of a, 23. 


Political economy as applied to the em- 
ployment of women, L Lydia Becker 
on some maxims of, 201 
•Political economy, paupeiisni, the la- 
bour question, and the liquor tradic, 
William Hoyle on, 212 
Poor law, W. A. Peterkm on the ad- 
ministration of the, 213. 

•Poor-rates, James Meikle on the mode 
of assessing for the, 213. 

•Posto photographiquo, by the Abb6 
Moigiio, 44 

Precession and nutation, Prof Zenger 
on the nutoscope, an apparatus tor 
showing gi.iphically the curve of, 3G 
•Pioctoi (R A ) on the coiistiuction of 
the heavens, 34 

Protoplasmic life, P. Crace-Calveit on 
spontaneous geneiation or, 12 1 
P>ofopfc)U‘i anncc/cns, Pwf R 11 Tra- 
qu.air on the rcstoialioh ol tlic tail in, 
143 

•Pullan (Capt. A.), notes on Britisli 
Giiiliwal, 189. 

*Pur=>cr (Pi of), remarks on Napiei’s 
oiignial method ot logaiithins, 23 
•Puiief.iction, geim-theory of. Dr. J. 
Dougall on the lolative poweis of 
vaiious substances in picventing tlio 
gemnation of amnialciiles or the (U'- 
V elopnient of their germs, with special 
refeieiice to the, 124. 

Quaternary mammalia, W. Boyd Daw- 
kins on the relation of the, to the 
glacial peiiod, 95. 

Queensland, K. Dumtrec on the geneial 
geolog} of, 95. 

•Rac (Dr.) on the Saskatchewan v allc} , 
189 

Raih\a}s, R. F. Fairlie on tho gaugt' 
ot, 214 

Rainfall, W Pengelly on the influence 
of tho moon on tlie, 65, 

of Scotland, Alexander Buchan on 

the, 232. 

* of tho noithcrn hemisphere in 

July, A Buchan on the, as contrasted 
witb that for January, with reniaiks 
on atmospheiic ciiculation, 232. 
•Raptoiial buds of Scotland, Pi of J. 

Duns on the larer, 132 
Reflector, paraboloidal, for lighthouses, 
T. Stevenson on a, 37. 

Regiaiiic acid. Dr Phipson on, 7G. 
RegistiatioiiAct, Scottish, Geoigo Seton 
on ceitain cases of cpiestioned legi- 
timacy under the operation of the, 
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Heplum, Dr. J. B. Nevins on the nature 
ol'ilie ciuciferous fiuit with leferonco 
to the, 130. 

Respirator for use in extinction of fiies, 
W . Ladd on a, 44. 

*Roynolds (Dr, .7 Emerson) on the 
action of aldehyde on the two piimary 
ureas, 70. 

* on the analysis of a singular de- 

posit fioin well-watei, 78 

*lteyn()lds (Prof. Osboine) on artificial 
coionas, 34. 

Rhysimeter, A. E Fletcher on the, an 
inshimient for measuiing the speed 
of floating water or of ship«!, 234. 

■‘‘Richaid (L’Abbd) on hydio-geology, 
100, on the di 8 co\ei 7 of flint imple- 
ments in Egypt, at Mount Sinai, at 
(lalgala, and in Joshua’s tomb, 10(). 

*RichaitLon (W B.) on the Volcau do 
Agua, near Guatemala, 180 

Richter (Dr. Otto) on the chemical 
constitution of glycolic alcohol and 
its hetiuologues, as \ lowed m the new 
light of the typo-nucleus theoiy, 78 

Rigid body, theory of the geometiiciil 
lieedom of a, Brof. Ball on a model of 
a colloidal cubic suifaco called the 
‘‘ cylmdioid,” which is piesmited in 
the, 8. 

Ripening of the seeds. Dr. J B Ne\ms 
on the changes which occui in plants 
during the, 130 

Road steamer, W Thomson on a, 211. 

Rebel ts (W Ghandlei) on the molecular 
ariangemeiit of the alloy of sil\ei and 
coppi'i em])loyed for the Biitish sil\ei 
comag(', 80 

Rocks, contoition of, L. C. Miall on the, 

100 . 

, stiatified, of Islay, J. Thomson on 

the, 110. 

"^Roofs, X Gillott on designing pointed, 
231) 

*Ross(Ma]oi E. 0 ) on ajouniey through 
Mela an, 189 

Roxburgh and Selkiik, C I^apw'oith 
and .1. Wilson on the Siluiian locks 
of the counties of, 103. 

Ruined cities of Central Amenca, Capt. 
Bime on the, 175 

Russell (R ) on the infer('nccs dla^^n by 
Dis. Magnus and Tyndall fioni their 
cxpeiiiiients on the radiant propeities 
of \ apour, 50. 

Russell (\V. II. L ) on linear differential 
equations, 23, on MacCullagh’s theo- 
rem, 23 

*Rutherford (Prof ), exhibition of a mo- 
del of the circulation of the blood, 141. 


♦Rutlieifoid (Prof.) and Dr, J. B. Tuke on 
the morbid appearances noticed m the 
brains of insane people, 144. 

*Sndler (J.) on the species of Gi imnnn 
(including Schistidwm) as repiesentcd 
in the neighbouihood of Edinburgh, 
131. 

*Sacchaiino matters, some remarks by 
Piof Apjohu upon the proximate 
anal > sis of, 00 

*St Clan (Geoigo) on the topography 
of ancient Jerusalem, 1 89. 

Saline solutions, supei saturated, C, Tom- 
linson on the belia\iour of, wlieii ex- 
posed to the open an, 82. 

*Salt.s, J. A. Wanklyn on the constitu- 
tion of, 83. 

*^Sand-bal^, Dr. R. J. Mann on the foi- 
mation of, 184 

Sanderson (Dr. Burdon) and Dr Fci- 
lU'i' on the oiigin and distiibutiou of 
INIiciozymes (Bactena) in watci, and 
the ciicumstances whicli deteiniiro 
their existence in the tisHuos and li- 
cpiids of the living body, 125 
Sanitary mcasuies tor Scottish villngcs, 
Colonel Sii .7 E Alexander on, 2(H) 
*Saskatcliev\ an valley, Di. Itao on, 189, 
*Saundeis (Tielawney) on the Hima- 
layas and Cential Asia, 189 
*S.ixon m the Weald, Walter Dendy^ 
on a gleam of th(% 150 
Schools, tlio Rev. AV Tuckvv’ell on the 
obstacles to science-teaching m, 57. 
Science-teaching m schools, the Rev 
AV. Tuckvvell on the obstacles to, 57. 
Scieutihc ciiu'stions, Lieut -Col Stiango 
on go\('imneiit action on, 50 
Sclater (Di P L) on a favouiable oc- 
casion for the establislimcnt of zoo- 
logical obseiv atones, 134 
Scotland, D J. Blown on the Siluiian 
rocks of the south of, 93 

, Alexander Buchan on the rainfall 

of, 232 

, Piof. A. Gi'ikio on the piogress 

of fhe geological survey in, 90 
*Scutt (Alicliacl) on improved ships of 
vv nr, 241. 

Scottish villages, Col Sir J. E. Alexan- 
der on saint aiy measures for, 200. 
Sciew-pmo (Pandanus tddisjf Piof. 
Tliiselton Dyer on the minute ana- 
tomy of the stem of the, 128. 
Sculptures, Lieut. -Colonel Leslie on an- 
cient hieioglyphic, 155. 

*Sea, the Rev. F. O. Moiris on en- 
croachments of the, on the east coast 
of Yorkshire, 187. 
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Seeds, Dr. J. B. Ncvins on the changes 
winch occur in plants during the n- 
peinng of the, 130. 

Selkirk, C. Lapworth and J. Wilson 
on the Silurian rocks of the counties 
of Koxburgh and, 103. 

Sepulture in the Orkneys, G. Petrie on 
ancient modes of, 150. 
Serpent-worship, J. S. Phen6 on an ex- 
pedition for the special investigation 
of the Hebrides and West Highlands 
in search of evidences of ancient, 158. 
Setou (George) on the illegitimacy of 
Baiifisliire, 214 , on the expediency of 
recording still-birtlis, 215, on ci'rtaiii 
casi's of questioned legitinuicy under 
the operation of the Scottish Begis- 
tration Act, 217. 

Ship-eanal betiieen (.^eylon and India, 
(Commander A. U Tailor on the pio- 
posed, 189 

*Ships of war, M. Scott on improved, 
241 

Siemens (C William) on tho fetcam- 
blast, 240 

Siluiiaii rocks of the counties of Ilo\- 
buigh and Selkiik, C Lapworth and 
J. Wilson on the, 103 

rocks of tho south of Scotland, D. 

J. Brown on the, 03 

rocks, Upper, of tho Pentland Hills 

and Lesmahago, D. J. Brown on the, 
93. 

Silver coinage, British, W. C. Roberts 
on the molecular arrangement of the 
aUoy of silver and copper employed 
for the, 80 

Silver, J 11 Gladstone on crystals of, 71 

, nitrate of, J. H. Gladstone and 

A. Tribe on tho conosion of copper 
plates by, 29 

Sivathe) mm iiKjantmmj Dr James Murio 
on the systematic position of, 108. 
’Skulls presenting sagittal synostosis. 
Prof Striitheis on, IGO 
Sladen (Major) on trade-ioutos between 
Biirmah and China, 189. 

Slieve Cioob, co Down, Prof Hull and 
W A. Traill on the lelative ages of 
tho granitic, pliitomc, and 'volcanic 
rocks of tho Mourne Mountains and, 
30L 

Smith (Dr Edward) on the dietaries in 
the workhouses of England and Wales, 

Smith (Dr George) on Indian statistics 
and official reports, 220 
•Smith (Dr J A.), exhibition of tho 
skull of an elk found in Berwick- 
shire, 134. 


Smith (W. 11.) and T. M. Lindsay on 
Democritus and Lucretius, a question 
of pnonty in the kmetical theory of 
matter, 30. 

Smyth (John, inn.), improvements in 
chlorimetry, 81 

Somali coast, Capt. Miles on tho, 180. 

Sorbit, Prof. Dellls on, 69. 

Spam and Portugal, W. S. Kent on tho 
zoological results of the Idredging- 
expedition of the yacht ^ Norna ' oft’ 
the coast of, 132. 

Spectra of tho hydiocarbons. Prof. W. 
Swan on the wave-lengths of the, 43. 

Spectrum, G J Stoney on the advan- 
tage of refeiring the positions of lines 
in the, to a scale of wave-numbers, 
42 

Speed of floating water or of ships, A. 
E Fletcher on tho rhysimetei, an 
insti ument for measuring the, 234 

Spherical harmonic of the nth older. 
Sir W Thomson on the general foim 
of a, 25 

Spherical harmonics, W. K. ClilFord on 
a canonical foim of, 10 

Spuanthos Bomanzovuim, Cham , A. G. 
Moie on, 129. 

Spontaneous generation, F. Cracc-Cal- 
veit on, 12 h 

’Staiifoid (E C. 0 ) on the retention 
of organic nitrogen by charcoal, 81, 
on tho caibon closet-system, 240. 

Stars, fixed, H. Fox Talbot on a method 
of estimating tho distances of some of 
the, 34. 

Statistics and their fallacies. Lord Nea\cs 
on, 192. 

vSteam-bhist, C. W. Siemens on the, 240 

Steam-boiler legislation, Lavington 111 
Fletcher on, 234 

Steam-gauge, Prof. Zcnger on a new, 
45 

Stephenson (Dr. William) on the scien- 
tific aspects of children’s hospitals, 
221 

Stevenson (Thomas) on a paraboloidal 
reflector for lighthouses, consisting 
of silver facets of gi’ound glass, and 
on a differential holophote, 37 , on an 
automatic gauge for tho discharge of 
water over waste weirs, 241 , on a 
thermometer of tianslatioii for lecord- 
ing the daily changes of temperature, 
241 . 

Stewart (Prof Balfour) on the tempe- 
rature-equilibrium of an enclosure m 
which there is a body in visible mo- 
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ture of spiral ducts in plants, and their 
relationship to the flower, 131 ; an 
inquiry into the functions of colour 
in plants during different stages of their 
development, 131. 
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mation of, in coal and coke, 08 

Sulphur dichloiide, J Balzell and T. 
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the so-called, 133. 
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for the Morse printing, 48. 

Temperature-equihbiium, Prof Balfour 
Stewart on the, of an enclosuio in 
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*Tetanometer, Dr. MTlcndrick on a now 
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Thermo-dynamics of the general oceanic 
circulation, Dr. AV. B. Carpenter on 
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Thermo-electricityy Prof Tait on, 48. 
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and J. DaDoll on the existence of 
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Tides, atmospheric, the Rev. Prof Chal- 
lis on tlie mathematical theory of, 51. 
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supersaturated saline solutions when 
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Torpedoes, Philip Braham on an appa- 
ratus for working, 229. 
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T) ach/petra (White), R. Trimeiion 
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l:i4. 

Tr.ull (W. A.) on parhelia, or mock 
suns, observed in Ireland, 56. 

and Prof. Hull on the relative 
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and Slieve Croob, co. Down, 101. 

Tiansparency, G. J. Stoney on one cause 
of, 41. 
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couit on the conditions of, 38. 
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department of Anthropology, 144 ; on 
liiiman and animal bones and flints 
found in a cave at Oban, 160 

Typo-nucleus theory. Dr Otto Richter 
on tlie chemical constitution of gly- 
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* United States, C. G. Wheeler on the 
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the excavation of, 100. 

Vapour, R. Russell on the inferences 
drawn by Drs. Magnus and Tjndall 
from their experiments on the radiant 
properties of, 56. 

* Varley (0 F.) on a method of testing 

submeiged electric cables, 48. 

Vascular Cryptogamia, Prof. W. 
Williamson on the classilication of 
the, 131. 

Vegetable contents of masses of lime- 
stone occmiing in tiappean locks in 
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Visible motion, Prof. Balfour Stowait 
on the temperature-equilibiium of an 
enclosure in whuh there is a body in, 
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Visual di'fect, Philip Biaham on a sot of 
lenses for the ac( niati'coiief tionol,37. 

*Vladi\o'^tok and Nikolsk, South lU- 
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A Tiaill on the relative ages of tlie 
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Volcanoes, P W Stuart Menteath on 
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ance of the air to the motion of, 26 

* , H. Deacon, experiments on, in 

liquids, 29. 

Wake (0 S) on man and the ape, 102. 

AValker (R Bailey) on the organization 
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considered, 223 

Wallons, Dr Charnock and Dr. 0. 
Blake on the ph}8ical, mental, and 
philological characteristics of the, 148 

*Wanklyn (J. A ) on the constitution of 
salts, 83. 

*Ward (Capt.) on the Ameiican Arctic 
Expedition, 190. 
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Warming and ventilation, J. D. Morri- 
son on a new system of, 240. 

Water, Piof. 0. Bischof on the examin- 
ation of, foi sanitaiy purposes, G7. 

, Dr. B. Sandeison and Dr. Ferricr 

on the oiigm and distiibution of Mi- 
ciozymes {Badoia) in, and the cir- 
cumstances wliicli determine their ex- 
istence in the tissues and liquids of 
the living body, 125. 

— — , Pi of J Thomson, observations on, 
in frost using against gravity latlior 
than ficczing in the poies of the earth, 
; 54 . 

Watson (llev. B. B.), nobs on dredging 
atMadeiia, 187,212. 

Wa\e-length8 of the spectra of the 
hydrocarbons. Prof. W. Swan on the, 
48. 

Wave-nnmbeis, G J. Stonoy on the 
adiantage of K'fi'riing the positions of 
lines in the spectium to a scale of, 42 

*Web"'tor (the Itev W.) on certain 
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tions of the Basrpie r<!ce, 102. 

Wens, T Ste^en‘•on on an automatic 
gauge foi the discharge of water o\er 
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*Well-vater, Dr .1 E Reynolds on the 
analysis of a singular di'pe^it lioiii, 78. 

^Wellington refoimaloiy^, Sheiill Cleg- 
hoin on, 211. 

* Weitheinian (IM Aitliur) on the ex- 
loiation of the headwateis of the 
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AWstgaith (William) on the law of 
capital, 228. 

AVet- and diy-bulb fornndae, I’rof Evc- 
lett on, 51. 

AVheat, T Carr on a new mill foi dism- 
tegiatiiig, 238 

'“Wheelei (C Gillxrt) on recent pio- 
gress in cheniistiy in the United 
State'*, 88 

Williamson (Piof AV, C ) on the clasM- 
tnation of the \a^(ular Cryptogainia, 
181. on the structure of the Ihctyoi'y- 
lous of the coal-inca'Uie‘^, 111. 

* , on the stiucturc of Dtploiylin, 

a plant of the caiboniferous rc'clts, 
112 

AVilson (Janies) and C Lapwoith on 
the Siluiian locks of the counties of 
Roxburgh and Sidkiik, 103. 

Wohler’s uiea, on the action of aldehyde 
on, 78, 


Woman, exhibiting in London, Sir D. 
Gibb on a fat, 152. 

AV^omen, E. Lydia Becker on some 
maxims of political economy as ap- 
plied to the employment of, and the 
education of girls, 201. 

Wood-naphtha, AV. Ilaikness on a new 
method of testing samples of, 72. 

AVoodwaid (Ileniy) on the discovery of 
a now and very poifect Arachmdo 
fiom the iionstone of the Dudley coal- 
field, 112, relics of the carbonileious 
and othei old land-suifaces, 118. 

AA^oikhouses of England and AVales, Dr. 
Edwaid Smith on the dietaries of the, 
141. 

AViight (Dr. 0. R. A ) on ceitain iioav 
deiivativos trom codeia, 81. 

and f’ II Piesse on the oxidation 

pi od net') of the essential oil ot oiange- 
peel, 83. 

Yang-ts7e ii\er in China, S Mossman 
on the inundation and subsidence of 
the, 187. 

*Yaikand, a journey fiom Yassin to, by 
Ibiahim Klian, 180 

Yncas, CLinents R Alaikham on tlie 
geogiaphical position ot the tubes 
which termed thecmpiio of the, 18.5. 

*YoikHljiie, east coast of, Rev E. 0. 
Morns on encroachments of the sea 
on the, 187 

lia", Rev J E Blake on the, and 

the distiibution of its ammonites, 00 

AAde (C’olonel IJ ), Addu'ss by, to the 
Geogiaphical Section, 1(>2, on Capt, 
Gainiei s expedition up the (Jamboja, 
100 

Zenger (Prof Charles A^ on the nuto- 
seope, an appaiatus for shoving gia- 
phically' tlie cuive of pieces-ion and 
nutation, 30 , on a now steam-gauge, 
45 , on a new key for the Moise 
pimtmg telegraph, 48. 

*Zoological nomenclature, AV A I.ewis 
on a pioposal for a moclilication of tlie 
stiict law of priority in, 183. 

obscivatoiics, P. Jj, 8clater on a 

favouiable occasion foi the establish- 
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results of the dredging-expeditioii 

of the yacht ^Noina,’ AV. S. Ivent on 
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m our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to asceitaiii the probable expense of such Experi- 
ments, and to draw up Directions for Observers in such circumstances , — R. Owen, Report 
on British Fossil Reptiles , — Reports on the Determination of the Mean Value of Railway 
Constants ; — D. Lardner, LL.D , Second and concluding Report on the Determination of the 
Mean Value of Railway Constants, — E Woods, Report on Railway Constants , — Report of a 
Committee on the Construction of a Constant Indicator for Steam Engines. 

Together with the Transactions of the Sections, Prof. Whewell’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWELFTH MEETING, at Manchester, 
184*2, Published gt 10^. 6d. 

Contents — Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnetical and Meteoiological Observations, — 
J Richardson, M D., Report on the present .State of the Ichthyology of New Zealand , — 
W. S Ilairis, Report on the Progress ol Mctcoiologital Observations at Plymouth , — Second 
Report of d Committee appointed to make Experiments on the Giowth and Vitality ol Seeds ; 
— C. Vignoles, Report of the Committee on Railway Sections , — Report of the Committee 
for the Preservation of Animal and Vegetable Substances, — Lyon Playfair, M.D., Abstract 
of Piof. Liebig’s Report on Organic Chemistry applied to Physiology and Pathology, — 
R, Owen, Report on the British Irossil Mammalia, Part I., — R. Hunt, Reseaithes on the 
Influence ol Light on the Germination of Seeds and the Growth of Plants , — L. Agassiz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone , — W Faiibairn, Ap- 
pendix to a Report on the Strength and other Properties of Cast lion obtained from the Hot 
and Cold Blast , — D. Milne, Repoit of the Committee for Registeiing Shocks of Earthquakes 
in Great Biitain , — Report ol a Committee on the construction ol a Constant Indicator for 
Steam-Engines, and for the dcteiinination of the Velocity of the Piston ol the Self-acting En- 
gine at different periods of the Stroke ; — J S. Russell, Report of a Committee on the Form of 
Ships ; — Report of a Committee appointed “to consider of the Rules by which the Nomencla- 
ture of Zoology may be established on a uniform and permanent basis , ’’ — Report ol a Com- 
mittee on the Vital Statistics of large Towns in Scotland, — Provisional Reports, and Notices 
ol Progress in special Researches entrusted to Committees and Individuals 

Together with tlie Transactions of the Sections, Lord Francis Egerton’s Address, and Re- 
commendations of the Association and its Committees. 


PUOCEEDINGS of the THIRTEENTH MEETING, at Coik, 
184-3, Published at 12tf, 

Contents -—Robert Mallet, Third Report upon the Action of Air and Water, whether 
flesh or salt, clear or foul, and at Various Tempeiatures, upon Cast Iron, Wrought Iron, and 
Steel, — Report of the Committee appointed to conduct the cooperation of the British As- 
sociation III the System of Simultaneous Magnetical and Meteorological Observations , — Sir 
J F'. W. Herschel, Bart , Repoit of the Committee appointed for the Reduction of Meteoro- 
logical Observations; — Report of the Committee appointed Ibr Expeiiments on Steam- 
I'ngines , — Report ol the Committee appointed to continue their Experiments on the Vitality 
of Seeds, — J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the Last Coast of Scotland J. S. Russell, Notice of a Report of the Committee 
on the Form of Ships, — J Blake, Report on the Physiological Action ol Medicines, — Report 
of the Committee on Zoological Nomenclature , — Report of the Committee for Registering 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ; — Report ol the Committee for conducting Experiments with Captive Balloons; 
— Prof. Wheatstone, Appendix to the Report, — Report of the Committee for the Translation 
and Publication of Foreign Scientific Memoirs; — C. W, Peach, on the Habits of the Marine 
Teslacea ,— E. Forbes, Report on the Mollusca and Radiata of the ^Egean Sea, and on tjieir 
distribution, considered as bearing on Geology , — L. Agassiz, Synoptical Table of British 
Fossil Fishes, arranged in the order of the Geological Formations , — R. Owen, Report on the 
British Fossil Mammalia, Part II. E. W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Coal Measures at Collyhurst ;— W« 
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Thompson, Report on the Fauna of Ireland Div. Invertebrata , — Piovjsional Reports, and 
Notices of Progress m Special Reseaiches entrusted to Commiitecs and Individuals. 

Togetlier with the Transactions of the Sections, Earl of Rosse’s Addicss, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 18M, 

Published at £1. 

Contents* — W B Carpenter, on the Microscopic Structuie of Shells , — J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca , — R Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants, — Report of a 
Committee appointed by the British Association in 1840, for rev, sing tlie Nomenclature of the 
Stars, — Lt -Col, Sabine, on the Meteorology of Toronto in Canada, — J. Blackwall, Repoit 
on some recent researches into the Stiucture, Functions, and Economy of the Araneidea 
made in Great Britain; — Earl of Rosse, on the Construction of laige Reflecting Telescopes, 
— Rev W V Harcouit, Report on a Gas-fuinace for Experiments on Vitidaction and other 
Applications of High Heat in the Laboratory , — Report of the Committee for Registering 
Earthquake Shocks in Scotland, — Repoit of a Committee for Experiments on Steam-Engines; 
— Report of the Committee to investigate the Varieties of the Human Race , — Fourth Repoit 
of a Committee appointed to continue their Expeiiments on the Vitality of Seeds, — W. Fair- 
burn, on the Consumption of Fuel and the Prevention of Smoke, — F Ronalds, Report con- 
cerning the Observatory of the British Association at Kew, — Sixth Repoit of the Committee 
appointed to conduct the Cooperation of the Biitish Association in the System of Simulta- 
neous Magnetical and Meteorological Observations, — Pi of. Forchhainmer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorphism in general, and par- 
ticularly the Mctamoi phosis of the Scandinavian Alum Slate, — 11 E Stiickland, Report on 
the recent Piogiess and Present State of Ornithology, — T Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland, — Piof Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Marsupial Representatives of the Order 
Pacliydermata , — W S. Harris, Report on the working of Whew ell and Oslei’s Anemometers 
at Plymouth, for the years 1841, 1842, 1843 ; — W. R Birt, Report on Atmosphciic Waves; 
— L Agassiz, Rapport sur les Poissons Fossiles de I’Argile de Londres, with translation, — J. 
S. Russell, Report on Waves, — Piovisional Reports, and Notices of Progress in Special Re- 
seaiches entrusted (o Committees and Individuals. 

Togethei with the Tiansactions of the Sections, Dean of Ely's Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MEETING, at Cambridge, 
1845, Published at 12^. 

Contents — Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions, — Lt.-Col Sabine, on some points in the Meteorology of Bombay , — J. Blake, Report 
on the Physiological Actions of Medicines , — Dr. Von Boguslawski, on the Comet of 1843, 
— R Hunt, Report on the Actinograph ; — Prof. Schonbein, on Ozone, — Piof Erman, on 
the Influence of Fiiction upon Thermo-Electiicity , — Baron Senflenberg, on the Self- 
Registeiing Meteorological Instruments employed in the Observatory at Senftenberg, — 
W. R. Birt, Second Repoit on Atmospheiic Waves; — G. R Porter, on the Progiess and Pre- 
sent Extent of Savings' Banks in the United Kingdom , — Prof Bunsen and Di Playfair, 
Repoit on the Gases evolved from Iron Furnaces, with lefereme to the Theory of Smelting 
of iron , — I)i Richardson, Repoit on the Ichthyology of the Seas of Chiii.i and Japan, — 
Report of the Committee on the Registration of Peiiodical Phenomena of Animals and Vege- 
tables , — Fifth Report of the Committee on the Vitality ot Seeds , — Appendix, &’c. 

Together with the Transactions of the Sections, Sir J. F W. Heischel's Addicss, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SIXTEENTH MEETING, at Southampton, 
181G, Published at 15^. 

Contents* — G. G. Stokes, Report on Recent Researches in Hydrodynamics Sixth 
Repoit of the Committee on the Vitality of Seeds , — Dr. Schunck, on the Colouring Matters of 
Madder , — J Blake, on the Physiological Action of Medicines, — R. Hunt, Report on the Ac- 
tinogiaph , — R. Hunt, Notices on the Influence of Light on the Giowth of Plants ,—-R. L. 
Ellis, on the Recent Progress of Analysis, — Piof, Foichhammer, on Comparative Analytical 
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Researches on Sea Water i— A. Erman, on the Calculation of the Gaussian Constants for 
1829, — G. R. Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain W. R. Birt, Third Report on Atmospheiic Waves,— 
Prof. Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton ,— 
J. Phillips, on Anemoinetry, — J. Percy, M.D., Report on the Crystalline Flags, — Addenda 
to Mr. Bin’s Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Addiess, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford, 
1 84-7, Published at 1 Ss. 

Contents — Prof Langberg, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation uhich exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water; — R. Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants , — R, Mallet, on 
the Facts of Earthquake Phenomena, — Prof Nilsson, on the Primitive Inhabitants of Scan- 
dinavia; — W, Hopkins, Report on the Geological Theoiies of Elevation and Earthquakes, 
—Dr W B. Carpentei , Report on the Microscopic Structure of Shells , — Rev W. Whewell and 
Sir James C Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides; — Dn Schunck, on Colouring Matters ,* — Seventh Re- 
port of the Committee on the Vitality of Seeds, — J. Glynn, on the Turbine or Iloruontal 
Water-Wheel of France and Germany; — Dr R G. Latham, on tlie present state and recent 
progress of Ethnographical Philology , — Dr J C Pnchaid,on the vaiious methods of Reseaich 
which contnbiite to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge, — Dr C C J Bunsen, on the results of the recent Egyptian 
researches in refeience to Asiatic and African Ethnology, and the Classification of Languages, 
— Dr C, Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant, — -Dr Max Muller, on the Relation of tlio Bengali to the 
Anan and Aboriginal Languages of India, — W. R Birt, Fointh Repoit on Atmospheric 
Waves, — Prof W. H Dove, Temperature Tables, with Introductory Remarks by Lieut -Col. 
E. Sabine , — A Erman and H. Petersen, Thud Repoit on the Calculation of the Gaussian Con- 
stants for 1829 

Together with the Transactions of the Sections, Sir Robert Harry Inglis^s Addiess, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea, 

1848, Published at 9^. 

Contents: — Rev Prof. Powell, A Catalogue of Observations of Luminous Meteois; — 
J Glynn on Water-piessiue Engines , — R. A Smith, on the Air and Watei of Towns Eighth 
Report of Committee on the Growth and Vitality of Seeds , — W R But, Fifth Report on At- 
mospheric Waves , — E Schunck, on Colouring Matters , — J P Budd, on the advantageous use 
made of the gaseous escape from the Blast Fuinaccs at the Ystalyfera Iron Woiks; — 11 Hunt, 
Report of progress in the investigation of the Action of Caihonic Acid on the Giowth of 
Plants allied to those of the Coal Foimations, — Prof 11. W. Dove, Supplement to the Tem- 
pcratuie Tables printed m the Report of the British Association for 18 17 , — Remarks by Pi of. 
Dove on Ins recently const! acted Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in legard to Climatology deducible fiom them , with an in- 
tiodnrtoiy Notice by Lt -Col E. Sabine;— Dr. Daubeny, on the pi ogress of the investigation 
on the Influence of Caibonic Acid on the Growth of Ferns, — J Phillips, Notice of fuither 
piogress in Anemometiical Reseaichcs; — Mr Mallet’s Letter to the Assistant-General Secie- 
tary , — A, Eiman, Second Report on the Gaussian Constants, — Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Magnetical and 
Meteorological Observatory until December 1850 

Together with the Transactions of the Sections, the Marquis of Noithampton’s Address 
and Recommendations of the Association and its Committees. 

PROCEEDINGS of the NINETEENTH MEETING, at Birmingham, 

1849, Published at 105. 

Contents — Rev Piof. Pouell, A Catalogue of Observations of Luminous Meteors ; — Earl 
of Rosse, Notice of Nebulae lately observed in the Six-feet Reflector; — Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the tossil 
Remains found in the Coal Formation ,^Dr. Andrew^, Report on the Heat of Combination ; 
•—Report of the Committee on the Registration of the Periodic Phenomena of Plants and 
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Animals;— Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— F. Ronalds, Report concerning the Observatoiy of tlie British Association at Kew, from 
Aug 9, 1848 to Sept. 12, 1849 , — R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ;—W. R. Birt, Report on the Discussion of the Elcctnsal Observations at Kew. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson’s Addiess, and 
Recommendations of the Association and its Committees. 


♦ 

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgli, 

1850, Published at 15^. (Out of Print.) 

Contents — R Mallet, First Report on the Facts of Earthquake Phenomena; — Rev Prof. 
Powell, on Observations of Luminous Meteors, — Dr. T. Williams, on the Structure and 
Histoiy of the British Annelida; — 'T. C. Hunt, Results of Meteorological Observations taken 
at St. Michael’s from the 1st of January, 1840 to the 31st of December, 1849 ; — R Hunt, on 
the piesent State of our Knowledge of the Chemical Action of the Solar Radiations; — Tenth 
Report of Committee on Expeiiments on the Growth and Vitality of Seeds, — Majoi-Gen. 
Briggs, Report on the Aboriginal Tribes of India; — F. Ronalds, Report concerning the Ob- 
seivatoiy of the British Association at Kew ; — E Forbes, Report on the Investigation of British 
Mai me Zoology by means of the Dredge , — R. MacAndrew, Notes on the Distribution and 
Range in depth ot Mollusca and other Marine Animals, observed on the coasts of Spain, Poi- 
tugal. Barbary, Malta, and Southern Italy in 1849, — Piof Allman, on the Present State of 
our Knowledge ot the Freshwater Polyzoa ; — Registration of the Periodical Phenomena of 
Plants and Animals , — Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851 

Together with the Transactions of the Sections, Sn David Brewster’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIRST MEETING, at Ipswich, 

1851, Published at 16^. Gc?. 

Contents — Rev. Prof. Powell, on Observations of Luminous Meteors ;— Eleventh Re- 
port of Committee on Experiments on the Growth and Vitality of Seeds , — Dr. J. Drew, on 
the Climate of Southampton ,— Dr R. A Smith, on the Air and Water of Towns ; Action of 
Porous Strata, Watei and Organic Matter, — Report of the Committee appointed to consider 
the probable Effects in an Economical and Physical Point ofView of the Destruction of Tro- 
pical Forests, — A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants; — Dr Daubeny, on the Nomenclature of Organic Com- 
pounds , — Rev Dr Donaldson, on two unsolved Problems in Indo-German Philology,— 
Dr. T. Williams, Report on the British Annelida, — R. Mallet, Second Repoit on the Facts of 
Earthquake Phenomena , — Letter from^Piof Hcniy to Col. Sabine, on the System of Meteoio- 
logical Observations pioposed to be established in the United States, — Col Sabine, Report 
on the Kew Magnetogiaphs , — J Welsh, Report on the Performance of his fhiee Magneto- 
graphs during the Experimental Trial at the Kew Observatory , — F Ronalds, Repoit concern- 
ing the Observatory of the Biitish Association at Kew, fiom September 12, 18^0 to July 31, 
1851 , — Ordnance Survey of Scotland. 

Togcthei with the Transactions of the Sections, Prof. Airy’s Addiess, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SECOND MEETING, at Delfast, 

1852, Published at lbs. 

Contents — R Mallet, Thud Report on the Facts of Earthquake Phenomena; — Twelfth 
Report of Committee on Expeiiments on the Growth and Vitality of Seeds, — Rev. Piof. 
Powell, Report on Observations of Luminous Meteors, 1851-52; — Dr. Gladstone, on the In- 
fluence of the Solar Radiations on the Vital Powers of Plants; — A Manual of Ethnological 
Inquiry ; — Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Ram at 127 Sta- 
tions under the Bengal Presidency , — Piof. J D. Foibes, on Expeiiments on the Laws of the 
Conduction of Heat, — R. Hunt, on the Chemical Action of the Solar Radiations , — Dr Hodges, 
on the Composition and Economy of the Flax Plant , — W. Thompson, on the Freshwater 
Fishes of Ulster; — W. Thompson, Supplementary Report on the Fauna of Ireland, — W. Wills, 
onthe Meteoiology of Birmingham, — J. Thomson, on the Vortex-Water-W heel , — J. B.Lawcs 
and Dr Gilbert, on the Composition of Foods in i elation to Rcspiiation and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and Uecom* 
mendations of the Association and its Committees. 

1871. 13 
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PROCEEDINGS of the TWENTY-THIRD MEETING, at Hull, 

1853, Published at IO 5 . 

Contents: — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 
— James Oldham, on the Physical Features of the Humber, — James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull, — William Fairbairn, Experi- 
mental Researches to determine the Strength of Lijpomotive Boilers, and the causes which 
lead to Explosion, — J. J. Sylvester, Provisional Report on the Theory of Determinants 
Professor Hodges, M.D., Report on the Gases evolved m Steeping Flax, and on the Composition 
and Economy of the Flax Plant, — Thirteenth Report of Committee on Experiments on the 
Giowth and Vitality of Seeds , — Robert Hunt, on the Chemical Action of the Solar Radiations; 
— John P Bell, M D., Observations on the Character and Measurements ot Degradation of the 
Yorkshiie Coast, First Report of Committee on the Physical Charactci of the Moon’s Sui- 
face, as compared with that of the Earth , — R. Mallet, Provisional Report on Earthquake 
Wave-7’ ransits; and on Seismometrical Instruments; — William Fairbaiin, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ,• — Robert Mallet, Third Report on the Facts ofEarth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver- 
pool, 1 854, Published at 1 8^. 

Contents’ — R Mallet, Third Report on the Facts of Earthquake Phenomena (continued) ; 
—Major-General Chesney, on the Construction and General Use of Efficient Life-Boats, — Rev. 
Prof Powell, Third Report on the present State of our Knowledge of Radiant Heat , — Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories ; — 
Colonel Portlock, Report of the Committee on Earthquakes, with their pioceedings lespecting 
Seismometers, — Dr Gladstone, on the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2, — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54 , 
—Second Report of the Committee on the Physical Chaiacter of the Moon’s Sin face , — W G. 
Armstrong, on the Application of Water-Pressure Machinery , — J B Lawes and Dr Gilbert, 
on the Equivalency of Starch and Sugar in Food, — Archibald Smith, on the Deviations of the 
Compass in Wooden and Iron Ships , — Fourteenth Report of Committee on Expeiiments on 
the Growth and Vitality of Seeds. 

Together with the I’ransactions of the Sections, the Enrl of Ilarrowby’s Addiess, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgow, 

1 855, Published at 1 5s. 

Contents T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Storms, — Dr Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under difFerent Atmospheric Conditions, Part 3 , — C. Spence Bate, on the 
British Edriophthalma , — J. F. Bateman, on the present state of our knowledge on the Supply 
of Water to Towns, — Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds , — Rev Prof. Powell, Report on Observations of Luminous Mctcois, 1854-55 ; 
• — Report of Committee appointed to inquire into the best me ms of ascertaining those pi o- 
pertics of Metals and effects of various modes of treating them which arc of importance to the 
durability and efficiency of Artillery , — Rev. Prof Henslow, Report on 7'ypical Objects in 
Natural History; — A. Follett Osier, Account of the Self-Registering Anemometer and Rain- 
Gauge at the Liverpool Observatory ; — Provisional Reports. 

Together with the Transactions of the Sections, the Duke of Argyll’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel- 
tenham, 1856, Published at 18^. 

Contents; — Report from the Committee appointed to investigate andicport upon the 
effects produced upon the Channels of the Mersey by the alterations which within the last 
fifty years have been made in its Banks; — J Thomson, Interim Report on progicss in Re- 
searches on the Measurement of Water by Weir Boards; — Dredging Report, Fiith of Clyde, 

1856, -— Rev. B. Powell, Report on Observations of Luminous Meteors, 1855-1856, — Prof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches ;— Rev. James Booth, on the Trigo- 
nometry of Ihe Parabola, and the Geometrical Origin of Logarithms ; — R. MacAndrew, Report 
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on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouring Seas, and 
the physical conditions affecting their development; — P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of North America;— 
T. C Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores; 
—Prof Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of tliese Phenomena. Part I. , — Dr. T, Wright on the Stratigraphical Distribution of 
the Oolitic Echinodermata , — W. Fairbairn, on the Tensile Strength of Wrought Iron at various 
Temperatures, — C Atherton, on Mercantile Steam Transport Economy ; — J S Bowerbank,on 
the Vital Powers ot the Spongiadis, — Report of a Committee upon the Experiments conducted 
at Stormontfield, near Perth, for the aitihcial propagation of Salmon , — Provisional Report on 
the Measurement of Ships for Tonnage , — On Typical Forms of Minerals, Plants and Animals 
for Museums , — J Thomson, Interim Report on Progress in Researches on the Measure- 
ment of Water by Weir Boards,— R. Mallet, on Observations with the Seismometer , — A. 
Cayley, on the Progiess of Theoretical Dynamics , — Report of a Committee appointed to con- 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom- 
mendations of the Association and its Committees, 

PROCEEDINGS of the TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 155. 

Conti nts — \ Cayley, Repoit on the Recent Progress of Theoretical Dynamics ? — Six- 
teenth and final Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— James Oldli.im, C.E , continuation of Report on Steam Navigation at Hull, — Report of a 
Committee on the Defects of the present methods of Measuring and Registering the Tonnage 
of Shipping, as also of Marine Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform principle may be adopted to estimate the Actual Carrying Capabilities 
and Working-Power of Steam Ships; — Robert Were Fox, Repoit on the Temperature of 
some Deep Mines in Cornwall; — Dr. G, Plarr, De quelques Transformations de la Somme 

"y "^1 + r ^ etant entier n^gatif, et de quelques cas dans lesquels cette somme 

est expritnable par une combinaison de factorielles, la notation a^l + l ddsignant le pioduit des 
t facteurs a (a + l) (a-fS) &c .. (a-j-/— 1), — G. Dickie, M D, Report on the Marine Zoology 
of Strangtord Lough, County Down, and coriesponding part ot the Irish Channel, — Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans- 
port Economy is affected by the Constructive Type of Shipping, as respects the Proportions of 
Length, Bicadth, and Depth ; — J, S Bowerbank, Further Report on the Vitality of the Spon- 
giadae , — John P Hodges, M.D., on Flax, — Major-General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain; — Rev. Baden Powell, Report on Observations of 
Luminous Meteors, 1850-57 , — C. Vignoles, C E , on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trams, — Professor W. A Miller, M.D., on Electro-Chemistry; 
—John Simpson, R.N , Results of Thermomctrical Observations made at the ‘ Plover’s ’ 
Wintermg-place, Point Barrow, latitude 71° 2V N., long 156° 17^ W , m 1852—54 ; — Charles 
James ILugreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions, — Thomas Giubb, Report on the Improvement of Telescope and Equatorial 
Mountings, — Piotessor James Buckman, Report on the Experimental Plots in the Botanical 
Gai den of the Royal Agricultural College at Cirencester , — William Fairbairn on the Resistance 
of Tubes to Collapse ,— George C. Hj ndman. Report of the Proceedings of the Belfast Dredging 
Committee ; — Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen- 
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal deflections with a given load ; — J. Park Harrison, M.A , Evidences of Lunar 
Influence on Temperature; — Report on the Animal and Vegetable Products imported into 
Liverpool from the year 1851 to 1855 (inclusive) , — Andrew Henderson, Report on the Sta- 
tistics of Life-hoats and Fishing-boats on the Coasts of the United Kingdom. 

Together witli the Transactions of the Sections, Rev. H. Lloyd's Address, and Recommen- 
dations of the Association and Us Committees. 

PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 205. 

Contents — R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe- 
nomena ; — Rev. Prof Powell, Report on Observations of Luminous Meteors, 1857-58 , — R H. 
Meade, on some Points in the Anatomy of the Araneidea or true Spideis, especially on the 
internal structure of their Spinning Organs;— W. Fairbairn, Report of the Committee on the 

Patent Laws; — S. Eddy, on th? Lead Muimg Districts of Yorkshire ; — W. Fairbairn, on the 
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Collapse of Glass Globes and Cylinders; — Dr. E. Perceval Wnght and Prof. J. Ueay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland , — Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Wen Boards; — Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain , — Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances impoited 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 , — Report of the Committee on Ship- 
ping Statistics; — Rev. H. Lloyd, D D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results, — Prof. J. R. Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58 , — Prof. J. R. Kinahan, Report on Crustacea of Dub- 
lin District ‘Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the present means of Shallow-Water Navigation 
on the Rivers of British India, — George C Hyndman, Report of the Belfast Dredging Com- 
mittee , — .\ppendiv to Mr Vignoles’s paper “ On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trams;” — Report of the Joint Committee of the Royal Society and 
the British Association, for procuiing a continuance of the Magnetic and Meteorological Ob- 
servatories, — R Beckley, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15^. 

Contents: — G eorge C. Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry ; — Protessor Buckman, Report on the Giowth of Plants in the 
Garden of the Royal Agricultural College, Cirencester, — Dr. A Voeltkei, Report on Field 
Experiments and Laboiatory Reseaiches on the Constituents of Manures essential to cultivated 
Clops , — A. Thonimn, Esq of Banchory, Report on the Aberdeen Industrial Feeding Schools ; 
— On the Upper Silurians of Lesmahago, Lanaikshire , — Alphonse Gages, Report on the Re- 
sults obtained by the Mechaiiico-Clieniical Examination of Rocks and Minerals; — William 
Fairbairn, Expeiiinents to determine the Efiicicncy of Continuous and Self-acting Breaks for 
Railway Trams, — Professor J. R Kinahan, Report of Dublin Bay Diedgmg Committee for 
1858-59; — Rev. Baden Powell, Repoit on Observations of Luminous Meteors foi 1858-59 ; 
— Professor Owen, Report on a Series of Skulls ot various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq , lato Re- 
sident in Nepal, &c. &c ; — Messrs. Maskelyne, Hadow, Ilardvsich, and Llewelyn, Report on 
the Present State of oui Knowledge icgarding the Photographic Image , — G C Hyndman, 
Report of the Belfast Diedgmg Committee for 1859 , — James Oldham, Continuation of Repoit 
of the Pi ogress of Steam Navigation at Hull, — Chailes Atherton, Meicantile Steam Trans- 
port Economy as affected by the Consumption of Coals, — Warren de la Rue, Report on the 
present state of Celestial Photography in England, — Professor Owen, on the Oi dels of Fossil 
and Recent Reptilia, and their Distribution m Tune ; — Balfour Siewait, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the icquest of the 
British Association, by the late John Welsh, Esq , F R S. ; — W Fairbairn, The Patent Laws • 
Report of Committee on the Patent Laws, — J. Park Harrison, Lunar Influence on the Tem- 
perature of the Air, — Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Observatory of the British Association , — 
Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part I , — Report of the 
Committee on Steamship performance, — Report of the Pioceedmgsof the Balloon Committee 
of the British Association appointed at the Meeting at Leeds, — Prof. William K. Sullivan, 
Preliminary Report on the Solubility of Salts at Temperatures above 100® Cent., and on the 
Mutual Action of Salts in Solution. 

Together with tire Transactions of the Sections, Prince Albert’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the THIRTIETH MEETING, at Oxford, June 
and July 1860, Published at ISs. 

Contents: — J anies Glaisher, Report on Observations of Luminous Meteors, 1859-60,— 
J. Kinahan, Report of Dublin Bay Dredging Committee , — Rev. J. Anderson, Report on 
the Excavations in Dura Den , — Professor Buckman, Report on the Experimental Plots in the 
Botanical Gaiden of the Royal Agricultural College, Cirencester ; — Rev. R. Walker, Report of 
the Committee on Balloon Ascents, — Prof. W. Thomson, Repoit of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Poi table Apparatus for ob- 
serving Atmospheric Electricity William Fairbairn, Experiments to determine the Effect of 

« 



Vibratory Action and long-continued Changes of Load upon Wrought-iron Girders;— R. R. 
Greg, Catalogue of Meteorites and Fiieballs, fiom A d. 2 to A D 1860 ; — Prof. H. J. S Smith, 
Report on the Theory of Niimbeis, Part II. , — Vice-Admiral Moorsom, on the Performance of 
Steam-vessels, the Functions of the Screw, and the Relations of its Diametei and Pitch to the 
Form of the Vessel; — Rev. W. V. Harcourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ; — Second Report of the Committee on Steamship Per- 
formance , — Interim Report on the Gauging of Water by Tuangular Notches , — List of the 
British Marine Invertebrate Fauna 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-FIRST MEETING, at Manches- 
tor, September 1861 , Published at £1, 

Contents — James Glaishcr, Repoit on Observations of Luminous Meteors; — Dr E. 
Smith, Report on the Action of Prison Diet and Discipline on tlie Bodily Functions of Pri- 
soners, Part I , — Cliailes Atherton, on Ficight as affected by Differences in the Dynamic 
Properties of Steamships; — Wairen De la Rue, Repoit on the Progiess of Celestial Photo- 
graphy since the Abeideen Meeting, — B Stewait, on tlie Theoiy of Exchanges, and its re- 
cent extension, — Dis E Schunck, R Angus Smith, and II E Roscoe, on the Recent Pro- 
gress and Picsent Condition of Manufacturing Chemistry m the South Lancashire District,— 
Dr J. Hunt, on Ethno-Climalology , oi, the Acclimatization of Man , — Piof. J Thomson, on 
Experiments on the Gauging of VVatei by Tuangular Notches , — Dr A Voelckei, Report on 
I'leld Experiments and Laboratoiy Rcseaiclies on the Constituents of Manures essential to 
cultivated Crops , — Prof II Hennessy, Provisional Report on the Piesent State of oui Know- 
ledge respecting the Tiansmission of Sound-signals duiiiig Fogs at Sea, — Di. P. L Stlater 
and F von Ilochstetter, Report on the Present State of our Knowledge of the Buds of the 
Genus Apteryx living in New Zealand, — J. G Jeffieys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notice of scveial Species of Mollusca new to Science or to the 
British Isles, — Ptof J Phillips, Contributions to a Repoit on the Physical Aspect of the 
Moon, — W. R Birt, Contribution to a Report on the Physical Aspect of the Moon; — Dr. 
Collingwood and Mr Byerley, Preliminaiy Report of the Di edging Committee of the Mersey 
and Dee, — Thud Repoit of the Committee on Steamsliip Performance , — J. G. Jeffieys, 
Pielimmary Report on the Best Mode of preicnting the Ravages of Teredo and other Animals 
in our Ships and Ilaibouis, — R Mallet, Report on the Expeiiments made at Holyhead to 
ascertain the Tiansit-Velociiy of Waves, analogous to Eaithquake Waves, through the local 
Rock Formations , — T, Dobson, on the Explosions in Biitish Coal-Mines dining the year 1859; 
— J, Oldham, Continuation of Report on Steam Navigation at Hull, — ProfosSOi G. Dickie, 
Brief Summaiy of a Repoit on the Floia of the Noith of Ireland , — Professor Owen, on the 
Psychical and Idiysital Chaiacters of the Miinopies, or Natives of the Andaman Islands, and 
on the Relations thereby indicated to oilier Races of Mankind , — Colonel Sykes, Repoit of the 
Balloon Committee , — Major-Geneial Sabine, Report on the Repetition of the Magnetic Sur- 
vey of England, — Interim Report of the Committee for Dredging on the North and East 
Coasts of Scotland , — W. Fan bairn, on the Resistance of Iron Plates to Statical Piessvire and 
the Force of Impact by Projectiles at High Velocities , — W. Faiibairn, Continuation of Repoit 
to determine the effect of Vibratory Action and long-continued Changes of Load upon 
W/ought-Iron Girders, — Report of the Committee on the Law of Patents, — Piof H. J. S. 
Smith, Report on the Theory of Niimbcis, Part HI 

Together with the Transactions of the Sections, Mi Faiib, urn’s Addicss,'and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862 , Published at £ 1 . 

Contents —James Glaisber, Report on Obsenalious of Luminous Meteors, 1861-62;— 
G. B. Airy, on Ihe Strains in the Interior of Beams Archibald Smith and F. J. Evans, 
Report on the three Reports of the Liverpool Compass Committee ;— Report on Tidal Ob- 
servations on the Kumher T. Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armour-plate Defences ;— Extracts, relating to the Observatory at Kew, from a Report 
presented to the Portuguese Government, by Dr. J. A de Souza;— II T. Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank ;— Dr Cuthbert Colling- 
wood, Report upon the best means of advancing Science through the agency of the Mercan- 
tile Marine Messrs. Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ; — Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Compositioti of the Granites of Do- 
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negal Prof. H. Hennessy, on the Vertical Movements of the Atmosphere considered in 
connexion with Storms and Changes of Weather ; — Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations ; — Fleeraing 
Jenkm, on Thermo-electric Currents in Circuits of one Metal; — W. Fairbairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities, — A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ; — Prof. G G. Stokes, Report 
on Double Refraction Fourth Report of the Committee on Steamship Performance • 
G. J Symons, on the Fall of Ram m the British Isles m 1860 and 1861 ; — J. Ball, on Ther- 
mometric Observations in the Alps ; — J. G. Jeffreys, Report of the Committee for Dredging 
on the N.andE. Coasts of Scotland ,--Report of the Committee on Technical and Scientific 
Evidence in Courts of Law , — James Glaisher, Account of Eight Balloon Ascents in 1862 , — 
Prof. II. J S. Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Jlecomraendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September 1863, Published at £j\ 5s. 

Contents — Report of the Committee on the Application of Gun-cotton to Warlike Pur- 
poses; — A. Matthiessen, Report on the Chemical Nature of Alloys, — Report of the Com- 
mittee on the Chemical and Mineralogical Constitution of the Granites of Donegal, and of 
the Rocks associated with them ; — J G. Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Dredge, — G. D Gibb, Report on the 
Physiological Effects of the Bromide of Ammonium ; — C K Aken, on the Transmutation of 
Spectral Rays, I’ait I — Dr Robinson, Report of the Committee on Fog Signals, — Report 
ot the Committee on Standards of Electrical Resistance , — E. Smith, Abstract of Report by 
the Indian Government on the Foods used by the Free and Jail Populations in India , — A. 
Gages, Synthetical Researches on the Formation of Minerals, Ac , — R Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of Saturation, and Velocity of the issuing Gases and Vapours , — Report 
of the Committee on Observations of Luminous Meteors , — Fifth Report of the Committee 
on Steamship Performance , — G. J Allman, Report on the Present State of our Knowledge 
of the Reproductive System in the Hydroida , — J Glaisher, Account of Five Balloon Ascents 
made m 1863, — P. P Carpenter, Supplementary Report on the Present State of our Know- 
ledge with regard to the Mollusca of the West Coast of North America; — Professor Airy, 
Report on Steam-boiler Explosions; — C W. Siemens, Observations on the Electrical Resist- 
ance and Electrification of some Insulating Materials under Pressures up to 300 Atmo- 
spheres, — C. M. Palmer, on the Construction of Iron Ships and the Progress of Iron Ship- 
building on the Tyne, Wear, and Tees , — Messrs Richardson, Stevenson, and Claphain, on 
the Chemical Manufactures of the Northern Districts , — Messrs. Sopwith and Richardson, 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c ; — Messrs Daglish and 
Forster, on the Magnesian Limestone of Durham ; — I. L Bell, on the Manufacture of Iron 
in connexion with the Northumberland and Durham Coal-field ; — T. Spencer, on the Manu- 
facture of Steel in the Northern District; — H. J. S. Smith, Report on the Theory of Num- 
bers, Part V 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-FOURTH MEETING, at Bath, 
September 1864. Published at 185. 

CoNTi NTs — Report of the Committee for Observations of Luminous Meteors ;“Report 
of the Committee on the best means of providing for a Uniformity of Weights and Mea- 
sures; — T. S Cobbold, Report of Experiments respecting the Development and Migration 
of the Entozoa ; — B. W. Richardson, Report on the Physiological Action of Nitrite of Amyl, 
— J Oldham^ Report of the Committee on Tidal Observations; — G. S. Brady, Report on 
deep-sea Dredging on the Coasts of Northumberland and Durham in 1864 ; — J Glaisher, 
Account of Nine Balloon Ascents made in 1863 and 1864 , — J. G. Jeffreys, Further Report 
on Shetland Dredgings ; — Report of the Committee on the Distribution of the Organic 
Remains of the North Staffordshire Coal-field; — Report of the Committee on Standards of 
Electrical Resistance, — G J. Symons, on the Fall of Ram in the British Isles in 1862 and 
1863 , — W Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles Lyell's Address, and Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS op the THIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at £l 5s, 

Contents • — J. G Jelfreys, Report on Dredging among the Channel Isles ; — F. Buckland, 
Report on the Cultivation of Oysters by Natural and Artificial Methods , — Report of the 
Committee for exploring Kent's Cavern ; — Report of the Committee on Zoological Nomen- 
clature; — Report on the Distribution of tbe Organic Remains of the Noith Staftordshire 
Coal-field, — Report on the Marine Fauna and Flora of the South Coast of Devon and Coin- 
wall ; — Interim Report on the Resistance of Water to Floating and Immersed Bodies , — Re- 
port on Observations of Luminous Meteors , — Report on Dredging on the Coast of Aberdeen- 
shire, — J Glaisher, Account of Three Balloon Ascents , — Interim Report on the Tiansmis- 
sion of Sound under Water, — G. J Symons, on the Rainfall of the Butish Isles, — W Fair- 
b.uin, on the Strength of Materials considered in relation to the Construction of Iron Ships , 
— Report of the Gun-Cotton Committee , — A F. Osier, on the Horary and Diurnal Vaiiations 
in the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmnigliam , — B W 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds , 
— Report on further Researches in the Lingula-flags of South Wales, — Repoit of the Lunar 
Committee for Mapping the Surface of the Moon ; — Report on Standards of Elcctiical Re- 
sistance, — Report of the Committee appointed to communicate with the Rusbian Goveiii- 
ment respecting Magnetical Observations atTiflis , — Appendix to Report on the Distribution 
of the Vertebrate Remains from the North Staffordshire Coal-field, — 11. Woodwaid, First 
Report on the Structure and Classification of the Fossil Crustacea ; — 11. J. S. Smith, Report 
on the Theory of Numbers, Part VI , — Report on the best means of providing for a Unifoi- 
niity of Weights and Measures, with reference to the interests of Science, — A. G. Findlay, 
on the Bed of the Ocean, — Professor A. W. Williamson, on the Composition of Gases 
exolved by the Bath Spring called King’s Bath. 

Together with the Transactions of the Sections, Professor Phillips’s Address, and Recom- 
mendations of the Association and its Committees. 


PEOCEEDINGS of the THIETY-SIXTII MEETING, at Noitiiig- 
ham, August 1860, Published al £\ 4^. 

Contents — Second Repoit on Kent’s Cavciii, Devonshire ; — A Matthiessen, Piehminary 
Report on the Chemical Nature of Cast lion , — Report on Observations of Luminous Meteors ; 
— W S Mitchell, Report on the Alum Bay Leaf-bed , — Report on the Resistance of Water 
to Floating and Ininierscd Bodies, — Dr Norris, Report on Musculai Iintahility , — Dr. 
Richardson, Report on the Physiological Action of certain compounds of Amyl and Etliyl , — 
U Woodward, Second Report on the Structure and Classification of the Fossil Crustacea , — 
Second Repoit on the “ Menevian Group,” and the other Formations at St. David’s, Pem- 
brokeshire, — J. G. Jeffreys, Report on Dredging among the Hehiides, — Rev A M Norman, 
Report on the Coasts of the Hebrides, Part II , — J. Alder, Notices of some In\eitehrata, in 
connexion with Mr Jeffreys’s Report, — G. S Biady, Repoit on the Odracoda dicdged 
amongst the Hebiides, — Report on Dredging in the Moray Firth, — Repoit on the Tiansmis- 
sioii of Sound-Signals under Water , — Report^ of the Lunar Committee , — Report of the 
Rainfall Committee , — Report on the best means of pioviding for a Unitoimity of Weights 
and Measuies, with reference to the Interests of Science , — J Glaishei , Account of Thiee Bal- 
loon Ascents , — Report on the Extinct Buds of the Mascarene Islands , — Report on the peiie- 
tration/of Iron-clad Ships by Steel Shot, — J. A. Wankhn, Report on Isoinerisiii among the 
Alcohols, — Report on Scientific Evidence in Courts of Law, — A L Adams, Second Report 
on Maltese Fossiliferous Caves, &c. 

Together with the Transactions of the Sections, Mr. Grove’s Addiess, and Recommendations 
of the Association and its Committees. 


PEOCEEDINGvS of the THIETY-SEVENTH MEETING, at 
Dundee, September 1867, Published at £1 G^. 

Contents — Report of the Committee for Mapping the Surface of the Moon ; — Third 
Report on Kent’s Cavern, Devonshire, — On the present State of the Manufacture of lion 
in Gieat Britain ; — Third Report on the Structuie and Classification of the I'ossil Crustacea ; 
— Report on the Physiological Action of the Methjl Compounds; — Preliminary Repoit on 
the Exploration of the Plant-Beds of North Greenland ; — Report of the Steamsliip Perform- 
aiice Committee, — On the Meteorology of Port Louis in the Island of Mauritius, — On the 
Construction and Works of the Highland Railway; — Experimental Reseaichcs on the Me- 
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chanic^ Properties of Steel ; — Report on the Marine Fauna and Flora of the South Coast of 
Devon and Cornwall -Supplement to a Report on the Extinct Didine Birds of the Masca- 
rene Islands ; — Report on Obseivations of Luminous Meteors; — Fourth Report on Dredging 
among the Shetland Isles, — Preliminary Report on the Crustacea, &c., procured by the 
Shetland Dredging Committee in 1867, — Report on the Foraminifera obtained in the Shet- 
land Seas; — Second Report of the Rainfall Committee; — Report on the best means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests of 
Science, — Report on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and Its Committees. 


PEOCEEDINGS OF the THIETY-EIGHTII MEETING, at Nor- 

wicli, August 1868, JPuhhshrd at £1 5s. 

Contents — Report of the Lunar Committee, — Fourth Report on Kent’s Cavern, Devon- 
shire; — On Puddling Iron, — Fourth Report on the Structure and Classification of the 
Fossil Crustacea , — Report on British Fossil Corals; — Report on Spectroscopic Investigations 
of Animal Substances; — Report of Steamship Performance Committee ; —Spectrum Analysis 
of the Heavenly Bodies; — On Stellai Spectrometry , — Report on the Physiological Action of 
the Methyl and allied Compounds ; — Report on the Action of Mercury on the Biliary 
Secretion ; — Last Report on Dredging among the Shetland Isles; — Reports on the Crustacea, 
&c , and on the Annelida and Foraminifera from the Shetland Dredgings ,— Report on the 
Chemical Nature of Cast Iron, Part I ; — Interim Report on the Safety of Merchant Ships 
and their Passengers ; — Report on Observations of Luminous Meteors , — Pieliminary Report 
on Mineral Veins containing Organic Remains ; — Report on the desii ability of Explorations 
between India and China, — Report of Rainfall Committee; — Report on Synthetical Re- 
searches on Organic Acids , — Report on Uniformity of Weights and Measures , —Report of the 
Committee on Tidal Observations , — Report of the Committee on Underground Temperature ; 
— Changes of the Moon’s Sui face , —Report on Polyatomic Cyanides. 

Together wuth the Transactions of the Sections, Dr. Hooker’s Address, and Recommenda- 
tions of the Association and its Committees. 


PEOCEEDINUS of thf THIETY-NINTH MEETING, at Exeter, Au- 
gust 18G1), Fahhshed at <£1 2s. 

Contents — Report on the Plant-beds of North Greenland , — Report on the existing 
knowledge on the Stability, Propulsion, aud Sca-going Qualities of Ships, — Report on 
Steam-boilei Explosions, — Pieliminary Report on the Determination of the Gases existing 
in Solution in Well-wateis, — The Pressure of Taxation on Real Property, — On the Che- 
mical Reactions of Light discovered by Prof. Tyndall , — On Fossils obtained at Kiltorkan 
Quarry, CO Kilkenny, — Report of the Lunar Committee, — Report on the Chemical Na- 
ture of Cast Iron , — Report on the Marine Fauna and Flora of the south coast of Devon 
and Cornwall, — Report on the Practicability of establishing “a Close Time” for the Protec- 
tion of Indigenous Animals , — Experimental Researches on the Mechanical Properties of 
Steel, — Second Report on British Fossil Corals, — Report of the Committee appointed to 
get cut and piepared Sections of Mountain-limestone Corals for Photographing, — Report on 
the rate of Increase of Underground Temperature , — Fifth Report on Kent’s Cavern, De- 
vonshire , — Report on the Connexion between Chemical Constitution and Physiological 
Action, — On Emission, \bsorption, and Reflection of Obscuie Heat, — Report on Obser- 
vations of Luminous Meteors , — Report on Uniformity of Weights and Measures , — Report on 
the Ticatment and Utilization of Sewage ; — Supplement to Second Repoit of the Steam- 
ship-Performance Committee , — Report on Recent Progress in Elliptic and Hyperelliptic 
Functions, — Report on Mineial Veins in Carboniferous Limestone and their Organic Con- 
tents,— Notes on the Foraminifera of Mineral Veins and the Adjacent Strata; — Report of 
the Rainfall Committee, — Interim Report on the Laws of the Flow and Action of Water 
containing Solid Matter m Suspension , — Interim Report on Agricultural Machinery , — 
Report on the Physiological Action of Methyl and Allied Series, — On thp Influence of 
Form considered in Relation to the Strength of Railway-axles and other portions of Machi- 
nery subjected to Rapid Alterations of Strain , — On the Penetration of Armour-plates with 
Long Shells of Large Capacity fired obliquely, — Repoit on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, Prof. Stokes’s Address, and Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS of the FORTIETH MEETING, at Liverpool, Septem- 
ber 1870, Published at I 85 . 

Contents — Report on Steam-boiler Explosions ; — Report of the Committee on the 
Haematite Iron-ores of Great Britain and Ireland, — Report on the Sedimentary Deposits of 
the River Onny, — Report on the Chemical Nature of Cast Iron , — Repoit on the practica- 
bility of establishing “ A Close Time" for the protection of Indigenous Animals , — Report 
on Standards of Electrical Resistance; — Sixth Report on Kent’s Cavern , — Third Report on 
Underground Tempeiaturc , — Second Report of the Committee appointed to get cut and 
prepared Sections of Mountain-Limestone Corals , — Second Report on the Stability, Pro- 
pulsion, and Sca-going Qualities of Slips, — Report on Eaithquakes in Scotland, — Report 
on the Treatment and Utilization of Seuage; — Report on Observations of Luminous Me- 
teors, 1869-70, — Report on Recent Progress m Elliptic and Ilyperelliptic Functions, — 
Report oil Tidal Observations; — On a new Steam-power Meter, — Rcpoit on the Action of 
the Methyl and Allied Series, — Report of the Rainfall Committee, — Report on the Heat 
generated in the Blood in the jirocess of Artcrialization , — Repoit on the best means of 
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1866 jBassett, llichaid Pelham-street, Nottingham. 

1869 j Bastard, S S Summerland^lace, Exeter 

1871. §Bastiaii, H Chailton, M A , M 1) , F R S , Professor of Pathological 

Anatomy to University College Hospital. 20 Queen Anno-street, 
Loudon, W 

1848 |Bate, C Spence, F R S , F.L S. 8 Mulgrave-place, Phinouth. 

1868. JBateman, rVederick, M.D. l^per St Giles’s-street, Noiwuh 

Bateman, James, M A , F R S , F L S , F H S. 9 II3 do Paik Gate, 
Landon, W. 

1842. *Bateman, John Frederic, CE, FRS, F G.S 16 Great George- 
street, London, S W 

1864. §Bates, Henry Walter, Assist. -Sec R.G.S. 15 Whitehall-place Lon- 
don, S W 

1852 tBateson, Sir Robert, Bart Belvoir Park, Belfast 
IS')! jJ:Jath and Wells, Lord Arthur Hervey, Lord Bishop of. 

186.‘5. *Bathurst, Rev W. H L^dney, Gloucestershiie 

1869. JBatteri, John Wmterbotham. 35 Palace Gaidens-teii ace, Kensing- 

ton, London, S W ’ h 


1863 §Baueiman, Henrv, F.G S. 22 Acre-lane, Brixton, London, S-W. 
1861 JBaxendell, Joseph, F R A.S. 108 Stock-street, Manchester, 

1867. ’•Baxter, Sir David, Bart. Kilmaron, Cupar, Fifeshiie. 

1867 . JBaxter, Edward. Hazel Hall, Dundee. 

1867. IBaxter, John B. Craig Tay House, Dundee. 

1870 §§Baxter, R Dudley, M A. 6 Victona-street, Westminster, S.W,, and 
Hampstead. 

1867 JBa-xter, illiam Edward, M P. Ashcliffe, Dundee. 

1851 ’•Bayley, George. 2 Cowper’s-court, Cornhill, London, E C. 

1866. "fBayley, Thomas. Lenton, Nottingham. 



LIST OP MEMBEBS. 


7 


Year of 
Election. 

1864. IBaylia, C. O., M.D. 22 Dovonahire-road, Olaughton, Birkenhead, 
Bayly, John. 1 Brunswick-terraco, PlyniQiith. 

1808 |Bayes, William, M D Brunswick Lodge, Newmarket-rood, Norwich. 

1809 *Beale, Lionel S D , F.R.S. 01 Gioavenor-street, London, W. 
1833. ^Beamish, Richard, F R S. Woolaton Lawn, Woolston, Southampton. 
1801 §Bean, William Alfrelou, Derbyshire. 

1870. §§Beard, Rev. Charles 13 South Hill Road, ToxtethPark, Liverpool. 
1800. *Beardiiiore, Nathaniel, C F.,F.G S. 30GreatGeorge-8t.,London,S.W, 

*Beatson, William. Chemical Woiks, Rotherham. 

1856. *Boaufoit, AVilliain Moiris, F R.G S , M.RAS. Athenfleiini Club, 
Pall Mall, London, S W. 

1801 *Beaumont, Rev. Thoma-j George. Chelmondiston Rectorv, Ipswich. 

1871. *Beazloy, Capt. Geoige G. Army and Navy Club, Pall Mall, Lon- 

don, S W. 

1850 *Beck, Joseph, F R A S. 31 Cornhill, liondon, E C. 

1851 \liecke> , nest, Ph 1). Dannstndt. 

1804. §Becker, Miss Lydia E Whalley Range, Manchester. 

1800. JBockles, Samuel II , F R S., F G S. 0 Grand Parade, St Loonards- 
on-Sea. 

1800 ^Beddaid, James Derby-road, Nottingham. 

1870 §Beddoe, John, M I) Clifton, Bristol. 

1854 XBedfo) d, Janies, Ph D 

1840 |Beke, Chailo.s T., ]*h.D , F S.A , F R G.S. Bekosbourno House, 
near Canterbury, Kent. 

1805. *Belavenetz, I, Captain of the Rus>ian Imperial Navy, F R LG S., 

MSCMA, Supeimtendent of the Compass Observatoiy, 
Cionst.idt (Caie of Messrs Baring Brothers, Bishopsgate- 
fttreet, Ijondoii, K C ) 

1847 *Belchei, Vice-Admiral Sir Edward, KCB, F R A.S., F.R G.S. 
22a Oomiaught-squaie, London, W 

1871 ^Bell, Archibald Cleator, Carnfoith 
1871. §Bell, Chailes B 0 Spring Bank, Hull. 

Bell, Fredeiick .Tohn. Avoodlands, near Maldon, Essex 
1850. I Bell, GtM)ig(' Wmdsor-buildmgs, Dumbaiton. 

1800 fB^'i^Bev Geoige Charle<3, M A Chiist’s Hospital, London, E C. 

1855 Ilk'll, Capt llmnv Challont Lodge, Cheltenham. 

1802. *Bell, Isaac Lowthian The Hall, Washington, Co Durham. 

1870§§Bell, J Caller Gilda Biooth, Eccles, Manchester 

1871 *Bell, J Cartel, F C S Gilda Biook, Eccles, Manchester. 

1853 JBell, John Peaiaon, M 1) Waveiley House, Hull. 

1804 JBell, R Queen’s College, Kingston, Canada 

Bell, Thomas, F R S , L.L S , F G S , Piofessor of Zoology, King’s 
Ckillege, London The Wakes, Selboine, neai Alton, llants. 
1803 *Bell, I’homas The Minories, .lesniond, Newcastle-on-Tyne. 

1807. IBell, I’liomas Belmont, Dundee 

1842. Belihouse, IMward Taj lor. JOagle Foundry, Manchester. 

1854. JBellhouse, William Dawson 1 Park-street, Leeds 
Bellingham, Sir Alan Castle Bellingham, Ireland 
1800 *Belper, The Right lion Lord, M A , D C L , F R S , F G S. 88 
Eaton-square, London, S W ; and Kingston Hall, Derby. 

1804. *Bendyshe, T. The Libraiy, King’s College, Cambiidge. 

1870 §§Bennett, Alfred W., M A , B Sc , F li S. 6 Park Village East, 

Regent’s Park, London, N W 

1871 §Bennott, F .1. 12 Ilillmai ten -road, Camden-road, London, N 

1838 ^Bennett, John Hughes, M D , F R S E ,P ro^ sor of Institutes of Medi- 
cine m the University of Ediiibur^lH^rGlenfinlas-street, Edinb. 

1870. *Bennett, William. Heysham Tower, Lancaster, 
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IS^O. "“Bennett, William, jun. Sir Thomas’s Buildings, Liverpool. 

1852. *Bennoch, Francis. The Knoll, Blackheath, Kent, S.E. 

1857. ^Benson, Charles. 11 Fitzwilliam-square West, Dublin. 

Benson, Robert, jun. Fairfield, Manchester. 

1848. JBenson, Starling, F.G.S Gloucester-place, Swansea. 

1870 §§Ben8on, W. Alresford, Hants. 

1863. JBenson, William. Fouistones Court, Newcastle-on-Tyne. 

1848. JBonthain, George, F.R.S., Pres. L.S. 25 Wilton-place, Knightsbridge, 
London, S.W. 

1842. Bentley, John. 0 Portland-place, London, W. 

1863. §Bentloy, Robert, F.L S , Professor of Botany m King’s College. 

55 Clifton-road, St. John’s-wood, London, N W. 

1868. j;Berkeley, Rev. M J , M A., F L S Sibbeitoft, Market Ilarborough, 
1863. ^Berkley, C. Mailey Hill, Gateshead, Durham. 

1848 ^Berrington, Arthur V. D. Woodlands Castle, near Swansea. 

1866. §Berry, Rev. Arthur George !Mom ashParsonage,Bakewell,Derbyshire. 

1870. ^Berwick, George, M D. 30 Fawcett-street, Sundeiland 

1862. JBesant, William Henry, M A. St .Tolm’s College, Cambridge. 

1865. “Bessemer, Henry. Denmark-hill, Camberwell, London, S E. 

1858 |Best, William. Leydon-teirace, Leeds 

Beth line, Admiral, C B , F R G S. Balfour, Fifeshno. 

1850 j’Bevoridge, Robert, M.B 36 King-street, Aberdi'mi 

1863. JBewick, Thomas .Tohn, F G S. Ilaydon Budge, Noithumberland. 
“Bickeidike, Rev John, M A St Maiy’s Vicarage, Ja'cds. 

1870 §Bickerton, A. W.,F C S Oak House, Bello Vue-ioad, Southampton. 
1868. |Bidder, George Parker, C K., F R G S. 24 Gieat Georgo-street, 
Westminster, S.W. 

1863. |Bigger, Benjamin Gateshead, Diiiliam. 

1864. IBiggs, Robert 17 Cliailes-street, Bath. 

1855. iBiIlmgs, Robeit William 4 St Mary’s-road, C-nnonbiny, London, N. 
Bilton, Rev William, JM A , F G S. United Umveisity Club, Suflolk- 
streot, London, S.W. , and Chislehiirst, Kent 
1842. Binney, Edward William, F.R S ,F G S 40 Cross-street, Manchester, 
Birchall, Henry. College-house, Biadford 
Birchall, Edwin. Aiicdalo Cliff, Newley, Leeds. 

1806. “Birkm, Richard, jun The Paik, Nottingham 

“Birks, Rev. Thomas Rawson. Trinity (College, Cambridge. 

1842 “Birley, Richard. Seedley, Pendleton, Maneliester. 

1861. Thomas Tho)nclv\f 

1841. *Birt, William Radclitf, FRAS Cynthia-villa, Claicndon-road, 
Walthamstow, London, N 10. 

1871. “Bischof, Professor Gustav. Andei soman University, Glasgow. 

1868. j;Bishop, John, Thorpe Hamlet, Norwich. 

1866. jBishop, Thomas. Branicote, Nottingham. 

1803. JBlack, William. South Shields. 

1809. |Blackall, Thomas. 13 Southernhay, Exeter. 

Blackbume, Rev. John, M A. Yarmouth, Isle of Wight, 
Blackburne, Rev John, jun., M.A. Rectory, Hoi ton, near Chip- 
penham. 

1859. IBlackie, John Stewart, Professor of Gi'eGc. Edinburgh. 

1855 “Blackie, W. G., Ph D, FRG.S. 1 Bclhaven-teiiace, Glasgow. 
1870.§§Blackmore, W. Founder’s Court, Lothbury, London, E.C. 

“Blackiyall, Rev. John, F.L.S. Hendre Hoirse, near Llanrsvst, Den- 
bighshire. 

1868. JBladen, Charles. Jarrow Iron Company, Newcastle-on-Tyne. 

1863. |Blake, C. Carter, Ph.D., F.G.S. 170 South Lambeth-road, Lon- 
don, S.W. 
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1849 *Blake, Henry Wollaston, M.A., F.R.S. 8 De\ onahne-place, Poitland- 
place, London, W. 

1846. *Blake, William. Bridge House, South Pctheiion, Somerset. 

1845. IBlakesley, Rev. J. W., B D Ware Vicarage, Hertfordshire. 

1861 §§Blakiston, Matthew. Mobberley, Kniitsfoid. 

*Blakiston, Peyton, M.H , F.R S. Waraor-squaie, St. Ijconaid’s- 
on-Sca 

1868. |Blanc, Heniy, !M 1). 0 Bedfoid-street, Bedford-sqnare, London, W C 
1809. |Blandfoid, W. T , F.G S , Geological Suiiey of India, Calcutta, (12 
Keppel-stiect, Russell-square, London, W C ) 

Blanshaid, William. Rcdcar. 


Blore, Edwaid, F S A. 4 Mancliester-sqnare, London, W. 
1870.§§Blundell, Thomas Weld. Ince Blundell Hall, Great Crosby, I.an- 
casliire 

1859 JBliint, Sir Charles, Bait Ileathfield Paik, Sussex 
1859 JBliint, Cant Richard Bretlands, Chortsey, Siiriey. 

Blyth, B Hall 1% George-stieet, Edinburgh 
1850 J Blyth, John, M D , Professor of Chemistry in Queen’s College, Coik. 
1858 *Blythe, William. Holland Bank, near Acciington. 

1870 §§Boaidman, Edwaid. Quecn-stieet, Norwich. 

Boase, fJliailes V/ 25 Hrumiuond-plaee, Edinbuigh. 

JBodmer, Rodolphe Ni'wpoit, Monmouthshne. 
jBogg, .1. Louth, Lincolnshiie. 

^Bogg, d’liomas Wemyss Jjouth, Lincolnshire. 

*Bolin, Henry G , F L S., F R A S , F R G S 
Twickenham, London, S W 
^Bolm, Mis Noilh-end House, Twickenham. 

:|;Bolatei, Rev. Piebendary John A Coik 
Bolton, R L. Lauiel Mount, Aigbuith-ioad, Liverpool. 

;(Bond, Banks. IjOw Pa\emeut, Nottingham. 

|Bond, Francis T , M.l). Haitley Institution, Southampton. 

Bond, Henry .Tohn Hayes, INI D Cambridge. 

§Bonney, Rev. Thomas George, M.A , F.S A , F.G S St. John’s Col- 
lege, Cambridge 

Bouomi, Ignatius 60 Blandfoid-squnre, London, N W. 

Bonomi, .Tosepli. Soane’s Museum, 15 J>incoln’s- Inn-fields, Loudon, 

WC 


1845. 

1804 

1800 

1859 

1871 

1859. 

1800 

1803 

1871. 


North End House, 


1800 |Book('i, W. H. Cromwell-teiiace, Nottingham. 

1801. ^Booth, James l^Jmfield, Rochdale 

1835. IBooth, Rev. .lames, LL.l) , F R S., ERAS The Vicarage, Slone, 
near AylesblU3^ 

1801. ^Booth, John Greenbank, Monton, lu'ar Manchester. 

1801 *Booth, William Ilolybank, (’ornbiook, Manchester. 

1801 Hlorchaidt, Dr Louis Oxford Chambers, Oxfoid-street, Manchester. 
1849. iBoreham, M ilhani W , F’ R A S The Mount, lla\ erliill, Newmaiket. 
1803. fBorries, Theodore. Lovaine-crescent, Newcastle-on-T^ne. 

’*‘Bossey, Francis, M.D Oxfoid-ioad, Red Hill, Surrey. 

Bos worth, Rey Joseph, LL D , F R.S., F S A , M R LA., Professor 
of Anglo-Saxon in the Unixersity of Oxford. Oxford. 

1807. §Botly, William, FS A Salisbury Villa, Hamlet-ioad, TJppci Nor- 

wood, London, S.E. 

1858. |Botterill, .tohn. Builey, near Leeds. 

1808. JBottle, .1. T. 28 Nelson-ioad, Groat yarmouth. 

1871. §Bottomlejq .lames Thomson, M.A., F C S. The College, Glasgow. 

Bottomley, William Foibreda, Belfast. 

1 850 JBouch, Thomas, C E. Oxford-terrace, Fldinburgh. 

1870 §§Boult, Swinton. 1 Dale-street, Liyerpool, 
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Bourne y Lievt^ Colonel J. D. 

1806 §§Bourne, St^hen Abberley Lodge, Iludstone-drive, Harrow, N.W. 
1858 iBousfield, Charles Roimdhay, near Leeds. 

1808 ^Boulton, W. S. Norwich. 

1870 §Bower, Anthony. Bowerdale, Seaforth, Liverpool. 

1807. |Bower, Dr. John. Perth. 

1840. ^Bowerbank, James Scott, LL D , F R S., F.G S , F.L.S., F.R.A.S. 

2 East Ascent, St I^eonard’s-on-Sea 
1850. *Bowlby, Miss F E. 27 Lansdown-crtiscent, Cheltenham. 

1803. J Bowman, R Benson Newcastle-on-Tyne. 

Bowman, William, F R S 5 Clifford-strcet, London, W. 

1809 §Bowrmg, Charles T. Elmsleigh, Piinces’ Park, Liverpool. 
|Bowring, Sir John, LL D., FRS Athenasum Club, Pall Mall, 

London, S W , and Claiemoiit, Evetcr. 

1800 JBowring, J. 0. Larkbeare, Exeter. 

180 i j Bo wron, James. South Stockton-on-Tees 

1803. §Boyd, Edward Fenwick Moor House, near Durham. 

1871. §Boyd, Thomas J 41 Moray-place, Edinburgh 

Boyle, Alexander, M R I A 35 College Green, Dublin. 

1805. |Boyle, Rev G D Soho House, Handsworth, Birmingham. 

Brabant, R H , M D, Bath. 

1800 *Biaby, Frederick, F G.S , F C S Mount Henley, Sydenham 1 lill, S.E. 
1870 §Brace, Edmund 17 Water-street, Liverpool 

Biacebndge, Charles Holt, FRG.S. The Hall, A tlierstone, War- 
wickshire 

1801 *Bradshaw, William. 35 Mosley-street, Manchester. 

1842 *Biady, Sir Antonio, F G S Maryland Point, Stiatford, Essex. 

1857 *Biady, Cheyne, MR I A Four Courts, Co Dublin 

Biady, Daniel F , M D 5 Gardinor’s-row, Dublin 

1803 :iBiadv, George S. 22 Fawcett-stieet, Sunderland. 

1802 §§ Brady, Henry Bowman, F.L S , F.G S. 40 Mosley-street, Newcastle- 

on-Tyne 

1858 l;Brae, Andrew Edmund. 29 Park-square, Leeds. 

1804 §Bialiam, Philip 0 George-street, Bath. 

3870 §§Bi aid wood. Dr Delemere Terrace, Biikenhead. 

1804 Ulraikenndge, Rev George Weare, M.A ,F L S Clevedon, Someiset 

1805 §Bianiwell, Fredeiick J , C E 37 Great George-street, London, S W. 

Brancker, Rev. Thomas, M A. Limington, Somerset. 

1807. IBiand, William Milnefield, Dundee. 

38(51 *Brandreth, Henry Dicklcborough Rectory, Scole, Norfolk 
1852 fBiazier, James 8 , F C S , Professor of Chemistry in Marischal College 
and CJniversitv of Aberdeen. 

1857. JBrazill, Thomas. 12 Ilolles-streot, Dublin 

18(39. *Breadalbane, The Right Hon. Earl of. Tavmouth Castle, N. B.: and 
Carlton Club, Pall Mall, I.oiidon, S W. 

1859. JBrebner, Alexander O. Audit Office, Somerset House, London, 
W.C 

1859 *Brebner, James. Moss Villa, Elgin, N.B. 

1807. |Brechin, The Right Rev Alexander Penrose Forbes, Lord Bishop 

of, D C L. Castlehill, Dundee. 

1808. §Breraridge, Elias. 37 Bloomsbury-square, London, W.C. 

1809 J Brent, Colonel Robert. Woodbury, Exeter. 

1800 tBrett, G. Salford. 

1854 *Breif, Ilenrxj Watkins. 

1800 JBrettell, Thomas (Mine Agent). Dudley. 

1805. §Brevnn, William. Cirencester. 

18G7.§§Bridgman, William Kenceley. 69 St, Giles’s-street, Norwich, 
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1870. *Bridson, Josepli R. Belle Isle, Windermere. 

1870. §Bnerley, Joseph, O.E Blackburn. 

1866 *Biigga, Arthur Craig Royd, Rawden, near Leeds. 

*Bnggs, General John, r.R.o., M.R.A^S., E.G.S. 2 Tenterden-street, 
London, W. 

1870. *Brigg, John Keighley, Yorkshire. 

1866. §Biiggs, Joseph. Ulverstone, Lancashire. 

1863. *Bright, Sir Charles Tilston, C.E , F G S , E-B.C! S , ERAS. 09 
Ijancaster Gate, W ; and 6 Westminster Cliambeis, Victoria- 
street, London, S W 

1870.§§Biight, H A , M A , F.R.G.S. Ashfield, Knotty Ash. 

Bright, The Right Hon John, M P. Rochdale, Lancashire, 

1808. JBrme, Commander Lindesay. Army and Navy Club, Pall Alall, 
Loudon, S.W. 

1863. \Ih lilt, lien) i. 

1842. Bioadbout, Thomas. Marsden-squaro, Manchester. 

1859. JBrodhiirst, Bernard Edwin, 20 Grosvenor-street, Grosvenor-square, 
London, W. 

1847. JJhodie, Sir Benjamin C., Bart , M.A., F.R.S , Professor of Chemistry 
m the University of Oxford. Cowley House, Oxford. 

1834 JBrodie, Rev. James, F G S Monimail, Fifeshire. 

1865, |Bi()dic, Rev. Peter Bellenger, M A., F.G S. Rowington Vicarage, 
iK'ar Warwick. 

1853. Jliromhy, J II , M A The Charter House, Hull. 

Biomilow, Henry G Merton Bank, Southpoit, Lancashire. 
*Biooke, Charles, M A., F R S 1(> Fitzroy-sqiiare, Ijondon, W, 
1855. JBiooke, Fdwaid. Marsden House, Stockport, Cheshire 
1804. *Biooke, Rev J Ingham. Thornhill Rectoiy, Diewbbury 
1855 JBroolfc, Peter William Marsden House, Stockport, Cheshiie. 

1863 §Biooks, John Crosse. WalLsend, Newcastle-on-Tyne 
1816 ^Biooks, Thomas. Cranshaw Hall, Rawsten-stall, Manchester. 

Brook'^, William. Ordfall-hill, East Retford, Nottinghamshire, 

1847 I Broome, C Edward, FL.S. Elmhurst, Batheaston, near Bath 
1863 *Biough, Lionel H , hWl S , one of Her Majesty’s Inspectois of Coal- 
Mines. 11 AVest Mall, Clifton, Bn.stol 

1867 §§Bioiigh, John Cargill. London Institution, Finsbury Circus, I.(Oii- 

don, E C. 

*Brouii, John Allan, F R S., Late Astronomer to IIis Highness tho 
Ra]ah of Tiavancoie 

1869 JBiown, Mrs. 1 Stratton-street, Piccadilly, I^ondon, AV. 

1863 *Brown, Alexander Crum, A1 D , F R S.E , F C S , Professor of Che- 
niistiy 111 tho Uni\ersity of Edinbugh. 8 Belgiave-crescent, 
Edinbiiigh 

13) 02vn, Chai les Edwa) d. 

1867. JBrown, (Miailes Gage, AI I) 88 Sloane-strcet, London, S.W. 

1855 IBronn, Colin. 3 AlansHeld-place, Gla'^gow. 

1871 §Bio\vn, Da\id. 17 S Noiton-place, Edinburgh 

1863. *Brown, Rev. l)ixon Unthank Hall, Haltwhistle, Carlisle. 

1805 §Brown, Edwin, F G S Burton-upon-Trent. 

1858 §Biown, Alderman Henry. Bradford. 

1870. § Blown, Horace T. The Bank, Burton-on-Trent, 

Brown, Hugh. Broadstone, Ayrshire. 

1858. XB)onm, John Baimsley. 

1870. §Browii, , I, , Campbell, B Sc., F.C.S. Royal Infirmary 3choqI of Medi- 
cine, Liverpool. 

1859. |Brown, John Crombie, LL D , F.L.S. Haddington, Scotland. 

1863. 1 Blown, John H. 29 Sandhill, Newcastle-on-Tyne. 
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1803. ifBrown, Ralph. Lambton’s Bank, Newcastle-on-Tyne. 

1871. §Brown, Robert, M.A., Ph.I).', F.R.G.S. 4 Gladstone- ten-ace, Edin- 
burgh. 

1856. *Brown, Samuel, F.S.S., F.R.G.S. The Elms, 42 Larkhall Rise, 
Claphnm, London, S.W. 

1808. JBrown, Samuel. Grafton House, Swindon, Wilts. 

^Bro^NTi, Thomas. Lower Hardwick, Ghepstow 

*Brown, William. 11 Maiden-terrace, York-ioad, Upper Holloway, 
Ijondon, N. 

1855. JBrowu, William. 11 Albany-place, Glasgow. 

1850. JBrown, William, F.R.S E. 25 Dublin-stieet, Edinburgh. 

1865. JBrown, William. 41 a New-street, Birmingham. 

1803 XJ^roicne, B. Chapman. Tynemouth 

1800 *Browne, Rev J. II. Lowdham Vicarage, Nottiimham 

1802. *Browne, Robert Clayton, jun , B A Biowne’s Hill, Callow, Iicland. 
1805. *Browne, William, M 1). The Friary, I..ichfield 

1805. §Browning, John, F R A.S. Ill Minoiies, London, E 
1855, §Brownlee, James, Jun. 273 St. George’s-road, Glasgow. 

Brotonhey A}chihald Glasqoxo 
1853. JBrownlow, William B. Villa-place, Hull. 

1852. IBruce, Rev. William Belfast. 

1803. *Brunel, II. M. 18 Duke-street, Westminster, S.W. 

1863. ^Brunei, J 18 Duke-street, Westminster, S W, 

1871. §Brunnow, F. Dunsink, Dublin. 

1868. §Brunton, T. L. 23 Da\ies-street, London, W 
1859. XBxyanty Atthw C 

1801. tBryce, James York Place, Higher Broughton, MaiKhesl(‘i 

Biyce, .Tames, M A., I>L.D , F.R 8 E , F G S. High School, Glasgow, 
and Bowes Hill, Blantire, by Glasgow 
Bryce, Rev. R J , LL D , Principal of Belfast Academy Belfas't. 

1850. tBryson, William Gillespie, (hillen, Aberdeen 

1867 §§Buccleucli and Queensberry, Ills Giace the Duke of, K.G , D C L , 

F R S. L. & E , F S L." Whitehall Gai dens, London, S W , and 
Dalkeith Palace, Edinburgh 

1871. §Buchan, Alexander 72 Northumbeiland-street, Edinbmgh. 

1867. IBuchan, Thomas. Stiawbeiiy liank, Dundee 

Buchanan, Andiew, M D I’rofc'ssoi of th(' Institutes of Medxine 
m the Unucr-ity of Glasgow. 4 Ethol-place, Glasgow. 
Buchanan, Archibald. Catiine, Ayrshire 
Buchanan, 1). C Poulton cum Seacombo, Chcshiie, 

1871. §Buclianan, John Y. 10 Moiay-place, Edinburgh. 

*Buck, George Watson Ramsay, Isle of Man. 

1864. §Buckle, Rev. George, M A. Twcudoii Vieaiage, Bath 

1805. *Bucklcy, Henry. 29 Calthoi-pe-streot, Edgbaston, Biimingham 
1848. *Buckman, James, F.L S , F.G S. Biadford Abbas, Sherbouine, Doi- 
setshire 

1809. JBucknill, J Hillmorton Hall, Rugby 

1851, *Backton, George Bowdler, FRS,, b.li.S. Weycombe, Ilaslcmeie, 

SuiTey. 

1848. *Budd, James Palmer. Ystaljfera lion Woiks, Swansea. 

1871. § Bullock, Matthew. 11 Park-circus, Glasgow. 

1846. *Bunbury, Sir Charles James Fox, Bart , F R S , F.L. 8., F.G S , 
F.R.G.S. Barton Hall, Bury St. Edmunds 
1846. JBunbui^ Edward H., M A , F.G.S. 35 St. James’s-street, London, 

1805. ifBunce, John Mackrav. ^Journal Office,’ New-street, Birmingham. 
Bunch, Rev. Robert James, B.D. Emanuel Rectory, Lougliboiough, 
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1863. T. Wood. 34 Grey-street, Newcastle-on-Tyne. 

Bunt, Thomas G. Nugent-place, Bristol. 

1842. *Burd, John. 37 Jewin-street, Aldersgate-street, London, E.C. 

1801). JBurdett-Ooutts, Baroness. Stratton-street, Piccadilly, London, VV. 
Biirgo^-ne, Sir John F., Bart , G C B., Field Marshal, ‘D C L , F.R.S. 
8 Gloiicestei -gardens, Loudon, W. 

1867. tBiirk, J Lardner, LL I). 2 North Great George-street, Dublin. 

1806. IBiiike, Luke. 6 Albert- terrace, Acton, London, W. 

1809 *Burnell, Aithur Coke Sidmouth, South De\on. 

1859. 1 Burnett, Newell Belmont-street, Aberdeen 

1800 iBuiiows, Montague, M A , Professor of Modem Ilistoiy, Oxford. 

1800. *Burton, Frederick M Ilighfield, Gainsborough. 

1804. |Bush, W. 7 Circus, Bath. 

Bushell, Christopher. Royal Assurance-buildings, JJ\ei*pool 
1856. *Biusk, George, F R S , V,P L S , F.G S , Exaniinei in Coniparatn e 
Anatomy in the University of London. 32 Ilarley-street, Ca\ en- 
dish-square, London, W 

1867. |Butt, Isaac, Q C , M P. 4 Ilemietta-street, Dublin 
]855 *Buttery, Alexander W Monkland Iron and Steel C'onipauy, Caidar- 
locli, near Aiidiie. 

1870 §§Buxton, David, Piintipal of the Liverpool Deaf and Dumb Institution, 
Oxford-street, Ini ei pool. 

Jiu 1 toji, Edwa) d No) th 

1808. IBuxton, S Guiney Cation Hall, Norwich 

1864. JB^erley, Isaac, F L S Seacombe, Liverpool. 

B^ng, William Bateman. OivvtII Works House, Ipswich. 

1862. J Byrne, Veiy Rev. James. Ergenagh Rectory, Omagh, Armagh. 


Cabbell, Benjamin Bond, M A., F R S , F.S A , F R G S 1 Brick- 
coin t, Temple, E.C , and 62 Portland-place, London, W. 

1858. §Cai], John Stokesley, Yoikshiie 
1803 IC'ail, Richaid The Fell, Gateshead 

1854. §Cuine, Nathaniel. Bioughton Hall, Bioughton-in-Furness. 

1858 *Caine, Rev . William, M A Albeit Paik, Did.sbuiy, near Manchester. 
1803 ICaiid, Edwaid Finnait, Dumbartonshire. 

1801. *Caiid, James Key. Fmnait on Loch Long, b}^ Helensburgh, 
Glasgow. 

1855 *Cnrd, James T. Greenock. 

1857 ICaimes, Piofessor. 

1808 |Calcy, A J. Noiwich. 

1808. JCaley, W Norwich 

1857. jCallan, Rev. N, J, Piofessor of Natuial Pliilo-^opliy in Maynooth 
College 

1842 Callender, W. R The Elms, Didsbiiry, Manchester 
1853. "fCalver, E K , R N. 21 Norfolk-street, Sunderland. 

1857 |Cameron, Chailes A , M 1) 17 Ely-place, Dublin. 

1870 §§Cameion, John, M D 17 Rodney-stieet, Liverpool. 

1859 ^Campbell, Rev C P , Pi mcipal of King’s College, Aberdeen 

1857. ^Campbell, Diigald, F C S. 7 Qualitv-couit, Chancery-lane, London, 

Fj c. 


1856. JCampbell, Dugald, ]\I D 180 Sauchieliall-stieet, Glasgow'. 

Campbell, Sii Hugh P. H , Birt 10 Hill-street, Bei keley-.squaro, 
London, W , and Maichmont House, neai Dunse, Beiwickshire, 
*Campbell, Sir James. 29 Ingrani-stieet, Glasgow'. 

Campbell, .John Archibald, F.R S.E Albyn-place, Edinburgh, 
1862. \CampheU, lVdh(im Do)ie(/id-Sqita} e IFesf, Bvlfud. 

1859. ^Campbell, William. Dunmore, Argyllshire. 
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1871. §Campbell, William Hunter, LL.D. Georgetown, Demerara, Britisli 
Guiana. 

1862. *Campion, Rev. William M. Queen’s College, Cambridge. 

1853. |Camps, William, M.D., F.L.S., F.R.G.S. 84 Park-street, Qrosvenor- 

square, London, W. 

1808. *Cann, William. 0 Soutliernhay, Exeter. 

*Carew, William Henry Pole. Antony, Torpoiut, Devonport. 
Carlisle, Harvey Goodwin, D D , Lord Bishop of. Carlisle. 

1861. JCarlton, James Mosley-street, Manchester 
1867. jCarmichael, David (Engineer). Dundee. 

1867. §Carmichael, George. 11 Dudhopo-terrace, Dundee. 

Carmichael, H. 18 Hume-street, Dublin. 

Carmichael, .John T C. Messrs Todd I'fc Co , Cork. 

1871. §Carpenter, Herbert P. 56 Regent’s Paik-road, Ijondon, N W. 
^Carpenter, Philip Pearsall, B A , Ph D Montreal, Canada 

1854. ICarpenter, Rev. R Lant, B A. Bridpoit. 

1845. jCarpenter, William B , Ml), F R S , F L 8 , F G S , PuI'Sidknt 
Elect, Registrar of the Umveisity of London 5(5 Regent’s 
Park Road, London, N W. 

1871 §Carpentei, W. Biunswick-square, Biighton. 

1842. *Carr, William, M.D , F.L.S., F.R.C S. Lee Giove, Blackheath, 
SE. 

1861. *Carrick, Thomas 5 Clarence-street, Manchester. 

1867. §Carriitheis, AVilliani, F.RS, F.L.S., F.G.8. Biitish Museum, 

London, W C. 

1861 *Cai*8on, Rev. Joseph, D D , M.R I A. 18 Fifzwdlinm-placc', Dublin, 

18)7. JCarte, Alexander, M D. lio\al Dublin Society, Dublin 

1868 ^Carteighe, Michael, F.C S l72 New Bond-stieet, London, AV. 

1870. §Carter, Dr. William. 69 Eluabeth-street, Liveii>ool. 

1866 ^Carter, 11. H. The Park, Nottingham 

1855. jCarter, Richard, C E. Long Carr, Barnsley, A'oik.shiie 
*Cartniell, Rev James, D 1) , F G S , Master of Christ’s College. 

Christ College Lodge, Cambiidge 
Cartmell, Joseph, M.D. Carlisle. 

1862. |Carulla, Facundo, F A S L. Care of Messrs Daglisli and Co , 8 Har- 

nngton-street, Liverpool. 

1870. §Cartwright, Joseph, 70 King-street, Dunkinlield. 

1868. |Cary, Joseph Henry. Newmarket-road, Norwich. 

1866. |Casella, L. P., F R A S South Grove, Ilighgate, Ijondou, N. 

1871. §Ca3h, Joseph. Bud Grove, Coventry. 

1842. *Cassols, Rev. Andrew, M A. Batley, near Leeds. 

1853. |;Cator, John B , Commander R N 1 YVdelaide-street, Hull 

1859. jCatto, Robert. 44 King-street, Aberdeen. 

1866. iCatton, Alfred R., M.A., F.R.S.E. Dundonnell House, Ding- 
wall, N.B. 

1849 ICawley, Charles Edward The Heath, Kirsall, JVIanchc'Ster. 

1860. §Cayley, Arthur, LL D , F.R S., V.P R A S , Sadleiian Professor of 

Mathematics in the University of Cambndge. Gaiden House, 
Cambridge. 

Cayley, Digby. Brompton, near Scarborough. 

Cayley, Edward Stillmgfleet. Wydale, Malton, Yorkshire. 

1871. §Cecil, Lord Sackville. Holwood, Beckenham, Kent. 
1870.§§Chadburn, C. H. Lord-street, Liverpool. 

1858. * Chadwick, Charles, M.D, 35 Park-square, Iveeds, 

1860.§§Chadwick, David, M.P, 27 Belzize Park, London, N AV. 

1842. Chadwick, Edwin, C.B. Richmond, Surrey. 

1842. Chadwick, Elias, M.A. Pudleston-court, near Leominstei*. 
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1842. Chadwick, John. Broadfield, Rochdale. 

1859. ^Chadwick, Robert. Highbank, INIanchoster. 

1801. JChadwick, Thomas. Wilmslow Grange, Cheshire. 

*Challis, Rev James, M.A , F.R.S , F.R.A S , Plumian Professor of 
Astionomy in the Univeisity of Cambridge. 13 Triinipington- 
street, Cambridge. 

1869. ^Chalmers, John Inglis. Aldbar, Aberdeen. 

1805. jChamberlain, J. H. Christ Church-buildings, Birmingham. 

1808. fChamberlin, Robert. Catton, Norwich. 

1842. Chambers, George. High Green, Sheffield. 

Chambers, John. Ridgefield, Maiuhester 
1808. fChambeis, W. O. Lowestoft, Suffolk. 

*Champnoy, Henry Nelson The Mount, TTork. 

1805. ;|;Chance, A. M. Fdgbaston, Birmingham 

1805. *Chance, James Simmers. Ilandsworth, Birmingham. 

1805. §Chance, Robert Lucas. Chad Hill, Fdgbaston, Birmingham. 

1801 ^Chapman, Fdward, M.A , F.C S. Frewen Hall, Oxfoid 

1850 jChapman, Piof. E .1. 4 Addison-teirace, Kensington, T.ondon, AV. 

1800. f Chapman, Ernest T., F.C S. 21 London-villas, L)e\onpoit-ioad, 

Shepherd’s Bush, I^ondon, W 

1801, *Chapmaii, John. Hill End Mottiani, Manchester. 

1800. fChapman, 'William. The Paik, Nottingham. 

1871 §Chappell, William, F.S A. Heather Down, Aseot, Beiks. 

1854 Ft edei ick. 

1871. fChailes, T. C., M 1). Queen’s College, Belfast 
1830. Charleswoith, Edward, F.G S Museum, Norwich. 

1803 |Charltou, Edward, M.D. 7 Eldon-squaie, Newcastle-on-TMie. 

1803. tCha)lto7i, F. 

1800. JCharnock, Richard Stephen, Ph.D , F S A., F.R.G.S. 8 Giay 's Inn- 

squaie, London, W.O. 

Chaito, W J P. Union Club, Trafalgar-square, London, S W. 
1807. *Chatwood, Samuel 5 Wentworth-place, Bolton. 

1804 JCheadle, W. B , M A., M U., F R G S 0 Hyde Paik-place, Cum- 

berland Gate, London, W. 

1842. *Cheetham, David. 12 Camden-crescent, Bath 
1853. *Chesnev, Major-General Francis Rawdon, R.A , DCL, F R S., 
F R G S. Ballyardle, Newry, Kilkeel, Co Down 
*Chevallier, Rev. Temple, B.D , F R A S , Piofessor of IMathmiiatics 
and Astionomy m the University of Duiham. The College, 
Durham. 

1806. §Child, Gilbert 'W , M A , M D , F L S. Elmhurst, Great i\li''&ondeii, 

Bucks 

1842. ’•Chiswell, Thomas 17 Lincoln-grove, Manchester. 

1803. fCholmeley, Rev C H Dinton Rectory, Salisbuiy. 

1859. fChristie, John, M D 40 School-hill, Aberdeen. 

1801. JChnstie, Professor R C , M A 7 St James’s-square, Mjinehesfer. 

Christison, Sir Robert, Bart , M D., D C.L., F R S L & E , Professor 
of Dietetics, Materia Medica, and Phaimacy in the Univeisity of 
Edinburgh Edinburgh. 

1870. §Chuich, A. 11 , F C S., Piofessor of Chemistry in the Royal Agricul- 

tural College, Cirencester 

1860. JChurch, William Selby, M A. 1 Ilarcourt Buildings, Temple, London, 

Cy 

1867. fChurchill, F., M.D. 15 Stephen’s Green, Dublin. 

1868. |Clabburn, W. H. Thorpe, Norwich. 

1803. fClapham, A. 3 Oxford-street, Newcastle-on-Tyne. 

1863, ^Claphara, Henry. 6 Snmmefhill-groye, Newcostle-on-Tvme. 
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1855. §Clapham, Robert Calvert. Wincomblee, Walker, Newcastle-on- 
Tyne. 

1858. JClapham, Samuel. 17 Parlc-place, Leeds. 

1869. §Clapp, Frederick. Iser Cottege, Windlesham, Faruborough Station. 
1857. JClarendou, Frederick Villiers. 11 Blessingtou-atreet, Dublin. 
*C/arA, jRev. CJuoleb, M,A. 

Clark, Courtney K. I laugh End, Halifax. 

1859. |Clark, David. Coupar Angus, Fifeshire. 

Clark, G T. Bombay , and Athena3um Club, Ijondon, S. W. 

184G. *Clark, Henry, M D 4 Upper Moira-place, Southampton. 

1861. |Clark, Latimer. 5 Westminster Chambers, Yictoiia-street, London, 
S.W. 

1855. I Clark, Rev. William, M A. Ban head, near Gl<i<«go\v. 

1805. jClarke, Rev. Chailes. Chailotte-road, Edgbaston, Biimingham. 

Clarke, George. Mosley-stieet, Manchester. 

1861. *Clarke, J. H. 5 Shakespeare-streel, Ar<h\nc]c, Manchester. 

1842 Clarke, Joseph. Waddington Glebe, Inncoln 

1851. iClarke, Joshua, F L S. Fair^ croft, Sallron Walden. 

Clarke, Thomas, M A. Knedhngton Manor, How den, A^oikshire. 
1861. tClay, Charles, M D. 101 Piccadillv, Manchestei. 

*Clay, Joseph Tiavis, F G 8. Rastin k, neai Bughouse, A^orkshire. 
1856 *Clay, Lieut -Col William Paik-hill 11 ouse, Tlu' Dingle, Lni'ipool. 
1866. JClayden, P. W. 16 Tavistock-square, London, W (’ 

1857. ^Clayton, David Sliaw Noibiirv, Stockport, (dii'shire 

1850. JCleghorn, Hugh, M 1) , F L 8 , lat(' Con&ul^atol of Forests, Madras. 

Stiavithy, St. Andrews, Scotland. 

1859. JCleghoin, John. Wick 

1801. §Cleland, John, Ml), Professor of Anatomy and Phy ■biology in 
Queen’s College, Galway. 

1857. JClements, Henry. Dromin, Listowel, Ti eland 

jClerk, Rev. D. M. Deveiill, Warmiii'^ter, Wiltshire 
Clerke, Rev. C C , D D , Archdeacon of tivford and Canon of Christ 
Church, Oxford Milton Rectory, Abingdon, Berkshire. 

1852. |Clibborn, Edwaid Ro}al lush Academy, Dublin. 

1869. §Clitibid, Professor William Kingdon, M A jUnnersity College, and 
14 Marylaiid-ioad, Haiiow-road, l^ondoii, W. 

1865. |Chft, John E , C E Rcddittli, Biom^giote, near Biiiiiinghani 
1801. ’“Clifton, R. Bellamy, M A , F R S , F R A S , Professor of Evpeii- 

mental Philosophy in the Umveisity of Oxford. I’ortland 
Lodge, Paik Town, 0\foid 
Clonbrock, Lord Robert CToiibrock, Galway 

1854. JClose, The Veiy Rev Fiancn, M A Carlisle 

1866. § Close, Thomas, F S A St James's-stieet, Nottingham 

Clough, Rev Alfred B , B D Blandest on, Noitliamptonshire. 

1859 JClouston, Rev Chaile.s Sandwnk, Oikney. 

1801. *Clouston, Petei. 1 Park-tei race, Glasgow 
1861. §Clutteihack, Thomas. Waikw^orth, Acklington. 

1868. f Coaks, J. B Thorpe, Norwich. 

1855. "“Coats, Sir l^eter. Woodside, Paisl^-^ 

1855. “Coats, Thomas. Feigeslie House, Paisley. 

Cobb, Edward. South Bank, Weston, lu ar Bath 
1861. ’“Cobbold, John Chevallier, M P. Hoi} wells, ipswdeh ; and Athe- 
nceum Club, London, S W. 

1864.§§Cobbold, T. Spencer, M D , E R.S , F L S , Lecturer on Zoology and 
Comparative Anatomy at the Middlesex Hospital. 84 Wimpole- 
street, Cavendish-square, liondon, W. 

1854, jCockey, William, 88 Burnbank Gardens, Glasgow. 
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1861. *Coe, Rev. Charles C. Seymour House, Seymour-street, Leicester. 

1864. ^Cochrane, James Henry. Woodside, Camgroliane, Co. Cork. 

1865. iCoghill, H Newcastle-under-Lyme. 

1853 JColchester, William, F G S Grundeshiugli Hall, Ipswich. 

1868. JColchester, W P. Bassingbourn, Roystoii. 

1859 JCole, Edward 11 11} de l*ark-square, London, W. 

1859. *Cole, Henry Warwick, Q.C. 2 Stone-buildings, Lincoln’s Inn, Lon- 

don, AV C. 

1860. JColoman, J. J , F C S Jeeswood Hall, Mold, North Wales. 

1854. *Colfox, William, 13 A. Westmead, Biidport, Doisetshire. 

1857. JColles, William, M 1). 21 Stephen’s Green, Dublin. 

1861. *Collic, Alexander 12 Kensington Palace Gaidens, London, W. 

1869. §Collier, W. F. Woodlowii, Ilorrabridge, South Devon. 

1861 XCollingo, John 

1854. IColliiiowood, Cuthbert, M A , M.B., F L.S. Fair Mile, Henley-on- 
Thames 

1861. *Collinowood, J Frederick, FGS. Anthropological Society, 4 St. 
Mai'tin’.s-place, London, W C. 

1865. *Collms, .lames Tertius Churchfield, Edgbaston, Birmingham. 
Collis, Stephen Fdwaid. Listowel, Ireland 

1868 *Colman, J J , M.P. Carrow House, Norwich \ and 108 Cannon- 

street, London, E C. 

1870. §Coltait, Robeit Devonshii e-road, Piince’s Paik, Liverpool. 

Colthiiist, John. Clifton, Biistol. 

1869 XCohill, W II 

1805. *Combe, Thomas, M A. Clarendon Pres’, Oxford 

*Compton, The Rev Loid Alwyn. Castle Ashbv, Noithamptonshire. 
1846 *Compton, Lord William 145 Piccadilly, Ijondon, W. 

1852. JConnal, Michael 16 La nedock-teiiace, Glasgow. 

1871 ^Connor, Charles 0 Sea-couit, Bangor, Co Down, Ireland. 

1864 *ConAvell, Eugene Alfred, M R I. A. Tnm, Co. Meath, Iieland. 

1859 JCboA, E li. 

1861. * Cool, lien) y. 

186 h JCooke, Edwaid William, R.A , F.R S , F L.S., F.G S. Glen Andred, 
(h'oombiidge, Sussex, and Athemeum Club, Pall Mall, Lon- 
don, S W. 

1868. JCooko, Rev Geoige H The Parsonage, Thorpe, Norwich. 

Cooke, .lames R , M A 7.3 Ble'^sington-street, Dublin. 

Cooke, J B Cavendish Road, Biikenhead. 

1868. §Cooke, M C, M A 2 Grosvenor-\ ilia's, Upper Holloway, lamdon, N. 
Cooke, Rev T L , M A JNIagdalen College, Oxford 
Cooke, Sir William Fothergill Telegiaph Oflicc^, Lothbury, London, 
E C. 

1859. *Cooke, A\Tlliam Henry, M A , Q C , F S A. 42 Wimpole-street, 
London, W. 

1865 JCooksoy, Joseph West Biomwich, Biimingham. 

1862 *Cookson, Rev H W , D.D St. Petei’s College Lodge, Cambridge. 

1863 ICookson, N. C Bon well Tower, Newcastle-on-Tyne. 

1869 § Cooling, Edwin IMile Ash, Derby 

3850. JCooper, Sir Henry, M.D 7 Charlotte-street, Hull. 

Cooper, James. 58 Pombiidgc Villas, BaASwatei, London, W. 

1868. JCooper, W. J 28 Duke-street, Westmmstei, S W 
1816 JCooper, William White. 19 Berkelc} -square, London, \V. 

1871. §Copeland, Ralph, Ph D. Paisonstown, Ireland 

1868. fCopeman, Ed waul, M 1) Upper King-street, Norwich. 

1863 jCoppm, .John North Shields 

1842, *Corbot, Richard. Heading ton-lull, Oxford. 

c 
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1842. Coibett, Edward. Ra\enoak, Clieadlc-hulme, Cheshire 
1855. JCorbett, Joseph Henry, M.l) , Piofessor of Anatomy and Physiology, 
Queen’s College, Cork 

1870. *Corfield, W. 11., M A., M.B , F.G S , Professor of Hygiene and Public 

Health in University College, London, W C 
Cormack, John Rose, M l)., F R S E. 5 Bedford-square, London, 
W.C. 

Cory, Rev Robert, B D , F C P S Staiiground, Peterborough 
Cottnm, George. 2 "VVinsley-stieet, London, W. 

18.57. JCottani, Samuel Bra/enno'-o-stieet, Manchester. 

1856 jCotterill, Rev. Heniv, Bishop of Grahamstown 

1804. §Cotton, Gencial Fredernlc C Athcna3um Club, Pall Mall, London, 

S.W. 

1809. |Cotton, William PeiinsjR anin, Exeter. 

*Cottoii, Rev. William Charles, M A. Vicarage, Frodsham, Cheshiie. 

1805. JCourtald, Samuel, F R A S. 70 Lancaslei Gate, I.ondon, and 

Gosfield Hall, Essex 

1834. |Cownn, Chailes. .‘18 West Register-stieet, Edinbiiigh. 

Cowan, John Valleyfield, Pennvcuick, Edinbuigh 
180.3. |Cowan, John A Blaydon Bum, Diirliam, 

1803. jCowan, Joseph, jun Blaydon, l)ui ham. 

Cowie, Rev. Benjamin Morgan, M A. 42 Upper Hailcy-street, 
Cavendish-square, Tjondon, W. 

1871. §Cowper, C E 3 Great George-street, Westminster, S W. 

1800. fCo^^per, Jklwaid Allied, M.l C E 0 Great George-street, West-- 
minster, S W 

1807. *Cox, Edward. Chmient Park, Dundee 
1807. *Cox, Georgfe Addison. Beechwood, Dundee 
1807. JCox, Janies. Clement Paik Lochep, Dundee, 

1870. *Cox, James 8 Falk iiei -square, Li\erpool 

Cox, Robert. 2.5 Rutlaiid-strcet, Edinbnrgli. 

1807 ^Cox, Thomas Ilimtm 1 Mi'adow-placi', Dundee. 

1800 §Co\, William. 50 Newhall-street, Birmingliam. 

1867. tCox, William Foggley, Locheo, by Dundee, 

1871. §Cox, William J 2 Vanburgh-placo, Leith 

1854. §Ciace-Calvert, Fredciick, Ph D , F R S , F C S , Honoiary Piofessor 
of Chemistry to the Manchester Rojal Institution. Roval In- 
stitute, Manchester. 

Craig, .1. T. Gibson, F R.S E 24 Yoik-place, Edinburgh. 

1859. JCraig, S Clayhill, Enfield, Middlesex 

1857. iCrampton, Rev .losiah , M R I A. The Rectory, Florence-couit, Co. 

Fennanagh, Ii eland. 

1858 JCranage, Edwaid, Ph D The Old Hall, Wellington, Shropshire. 
1867. XCimvford, Geoi ge Afthiir, M A. 

1871. *Crawford, William Caldwell. Engle FoundiT, Port Dundas, Glas- 
gow. 

1871. §Crawshaw, Edward Burnley, Lancashire. 

1870. •Crawshay, Mrs Robert. Cjfartha Castle, Merthyr Tjdvil. 

1871. §Ciessley, Ileibert. Broomfield, Halifax. 

Creyke, The Venerable Archdeacon. Beeford Rectory, Driffield. 
•Ciichton, William. 17 India-strect, Glasgow. 

1866. ICrocker, Edwin, F.C S. 70 Ilungerford Road, Holloway, London, 

N. 

Croft, Rev. John, M.A., F C P S. 

1858. J Crofts, John. Hillary-place, Leeds. 

1859. jCroll, A. A. 10 Coleman-street, London, E.C. 

1867. |Crolly, Rev. George. Maynooth College, Ireland. 
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1855. J Crompton, Charles, M. A. 22 Hyde Park-sqiiare, London, W« 
’•Crompton, llev. .Joseph, M A Brarondale, Norwich. 

1800 JCioniii, William. 4 Briincl-toiTaco, Nottin<j:ham 

1870 §Crookc3, Joseph Brook Green, Hammersmith, Jjonauii. 

1805. §Crooke8, William, F K S , F.C.S. 20 Mornmgton-road, Regent’s 
Balk, Ijondon, N W. 

1855. jCroppei, Rev John VVareham, Dosetshire. 

1870 §§Crostield, 0 .1 5 Alexander Drive, Princes Patk, Liverpool. 

1870 *Ci 08 field, William, juii. 5 Alexander Dii\ e, Prince’s Park, Li\ eipool. 
1870 §§Crosheld, William, sen Annesley, Aigbiirth, Ijiverpool 

1801 JCross, Rev John Edward, M A. Appleby Vicarage, near Bngg. 
1808 jCrosse, Thomas William Ht. Gilos’s-street, Norwich, 
1867.§§Crosskey, Rev. II. W , F G.S. 28 George Street, Edgbaston, Bir- 

mingliam 

185.S. :{: Crosskill, William, C E. Beverley, V^orkshire. 

1870 *Ciossley, Edward. Park Road, Halifax 

18fKl *Crossley, Louis .1., F.M.S. Willow Hall, near Halifax. 

1805 jCiotch, George Robeit 19 Tiumpington-stieet, Cambiidge. 

1801. ^Ciowle}', Henry Smedley New Hall, Cheethnm, Manchestei. 

1803 §Crowther, Benjamin Wakefield 
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1801. *Cunlifre, Fldwaid Thomas Handforth, Manchester. 

1801 *Cunlifle, Peter Gibson Handforth, Manchester 

1852 J Cunningham, .John Macedon, near Belfa.st. 
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1855. jCiinningham, William A. Manchester and Liverpool Distiict Bank, 
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18.50 ^Cunningham, Rev William Bruce. Prc.stonpans, Scotland. 

1806 tCunmngton, John. 68 Oakley-square, Bedford New Town, London, 

N W. 

1867. *Cursetjee, Manockjee, F.R.S A., Judge of Bombay. ViUa-B;y culla, 
Bombay. 

1857. JCurtis, Professor Arthur Hill, LL.D 6 Trinity College, Dublin. 
1800 ICu.sins, Rev F. Ij. 20 Addison-street, Nottingham. 

1834. •Cuthbert, John Richmond 40 Chapel-street, Liverpool. 

Ctdkbet tson, Allan. Glasgow. 

1803. ;J;Dagli8h, John. ITetton, Duiham. 

1854. IDaglish, Robeit, C E Orrell Cottage, near Wigan. 

1863 iDale, J B South Shields 

1853. JDale, Rev. P. Steele, M A. Hollingfare, Warrington. 
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Dalmahoy, James, F R S E. 9 Forres-street, Edinbuigh 
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Dalton, Edward, LL D., F.S A. Dimkirk House, Nailsworth. 
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1859, \Dalyf Lieut. -Colonel H. D, 

Dalziel, John, M D Holm of Drumlanrig, Thornlull, Damfriesshire, 
1802. JDorihy, T W. Downing Collge, Cambridge. 

1859. JDancer, J. B., F.B.A S. Old Manor House, Ardwick, Manchester. 

1849. •Danson, Joseph, F.O S. 6 Shaw-street, Liecrpool. 

Danson, William. 6 Shaw-street, Liverpool. 

1859. JDarbishire, Charles James. Rivington, near Chorlej, Lancashire 
1861. *Darbi8hire, Robert Diikinfield, B.A., F.G.S. 20 George-street, Man- 
chester. 

1852. X Darby y Jtev. Jonathan L. 

Darwm,Charle3 R , M A., F.R.S., F L S , F G.S., Hon F.R.S E , and 
M R I A., Down, near Bromley, Kent. 

1848 JDaSilva, Johnson Burntwood, Wandsworth Common, London, S.W. 

Davey, Richard, F.G S. Redrutli, Cornwall 
1870.§§Da\i(l8on, Alexander, M D 8 Peel-.street, Toxteth Park, Liverpool. 
1859. IDavidson, Charles. Grove House, Auchmull, Aberdeen. 

1871 §Davidson, David. Newbattle, Dalkeith, N B. 

1859 ^Davidson, Patrick. Inchmarlo, near Aberdeen. 

1808 iJDavie, Rev W. C. Cringleford, Norwich 

1803 jDavies, Griffith. 17 Cloudesley-street, Islington, London, N. 

1870 §§DaMes, Ed waul, FC S Royal Institution, Liverpool 

Davies, John Birt, M D. The Laurels, Edgbaston, Birmingham, 
1842. Davies-Colley, Dr Thomas 40 Whitefiiars, Chester. 

1870. *Davis, A S. Roundhay Vicarage, Leeds 

1804, §§Davis, Charles E , F vS A. 55 Pulteney-streot, Bath. 

Davis, Rev David, B A Lancaster 

1850, *Davis, Sir J ohn Francis, Bart , K C.B , F R S , F R G S. IIoll} wood, 
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1859. JDavis, J Barnard, M D., F R S , F S A. Shelton, Staflordshiro. 
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1804. § Davison, Richard Be\erley-road, Great Driffield, Yorkshire. 
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1809 tDaw, R. M. Bedford-ciicus, Exetei 
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1859. XDaweSy Captam {Atlfufant 11 A llu/hlandc) s) 
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1855. IDawson, John W , M A , LL D , F R S , Piiiicipal of McGill Colleg-e, 

Montreal, Canada. 
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1859. *Daw'son, Captain William G Plumstead Common-road, Kent, S.E. 
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ford, Middlesex , and Reform Club, London, S W. 

1870. §§De Meshin, Thomas. 5 Fig Tiee-court, Temple, London, E.C. 
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1860. *Dobbs, Archibald Edward, M.A. Richmond-road, Ealing, Mid- 
dlesex. 

1864. *Dobson, William. Oakwood, Bathwick-hiU, Bath. 

Dockray, Benjamin. Lancaster. 

1870. *Dodd, John. 9 Cannmg-place, Liverpool, 
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Dunlop, Alexander. Clober, Mflngavie, near Glasgow. 

1853, ^Dunlop, William Hen^. Annan-hill, Kilmarnock, Ayrsliire, 

1865. ^Dimn, David Annet House, Skelmorlie, by Greenock, N B. 

1862. §Diimi, llobert, F.K O.S. 31 Noi folk-street. Strand, London W.C. 

Dunuington-Jefferson, Rev. Joseph, M A., F C P.S. Thicket Hall) 
York. 

*Dimra\ en, Edwin, Earl of, F.R.S., F R A.S , F G.S., F R G.S. Adare 
Manor, Co Limerick ; and Dunraveii Castle, Glamorganshire 

1859. JDuns, Bev John, F R S.E. 4 North Mansion House-road, Edin- 

burgh 

1852. IDimville, William. Richmond Lodge, Belfast. 

1866. JDuprey, Perry. Woodbuiy Down, Stoke Newington, I,.ondon, N. 

1869. ID’Uiban, W. S. M , F L S. 4 Queeu-terrace, Mount Radford, 
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1860. I Durham, Arthur Edward, F R C S , F L S , Demonstrator of Ana- 
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Durnfoid, Rev R. Middleton, Lancasliiro 

1857. JDw\er, Hemv L , M A , M B 67 Upper Sackville-street, Dublin. 
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18<;8 lEade, Peter, MD Upper St. Giles’s-street, Norwich. 

1861 :f]^ladson, Richaid 13 llyde-road, Mancliestcr 
1864 |Raile, Rev A Rectoiy, Monktoii Farleigh, Bath 
ICdilcy Chdth’s, I'G N 

^J’kiiii'^haw, Rev Samuel, M A Bloomfield, Shellield. 

1871. *Easton, Edward 23 ] fuko-stieet, Westminster, S VV. 

1863 ^Easton, James Nest House, neai Gateshead, Durham 
Eaton, Rev George, M A Tlie Pole, Northmch. 

1870 §§I'kiton, Ilichaid. Nottingham 

I'lbthui, Rev James (Collett, M A , F R A S Great Stukeley Vicarage, 
Ilimtingdonshiif' 

1867 lEckeislev, James Leiih Walk, Edinburgh 

18()l lEcioyd, \Villiam Farrei Spiing Cottage, near Burnley. 

185(S. *Eddi>on, Francis North Uaiths, Olleiton, Notts. 

1870. *Eddi8on, John I'ldwin I’aik-squaie, Leeds. 

*Eddy, James Rav, F G S Caileton Giange, Skipton. 

lYleii, Thomas. Talbot-ioad, Ovton. 

^Edgeworth, Michael P., F.Ti S , F R A S. Mastrim House, Aneiley, 
London, S E 

1855. lEdmiston, Robert. Elmbank-crescent, Glasgow. 

i859 1 Edmond, James Cardens Haugh, Aberdeen 

1870 ^Edmonds, F B. 7 York-plaee, Northnm, Southampton. 

1867 *Edward, Allan. Fanngton Hall, Dundee. 

1867. §Edwaid, Chailes. Chambeis, 8 Bank-stieet, Dundee. 

1867. §§ Edward, James. Balruddery, Dundee 

Edwaids, John Halifax. 

1855 * Edwaids, Professor J Baker, Ph D , D C L. IMontreal, Canada. 
1807.§H*M wards, William 70 Piinces-stroet, Dundee 

*Egerton, Sir Philip de IVIalpas Grey, Bart., M.P , F.R.S., F.G.S. 
Ouiton Park, Tarporley, Cheshire. 

1850 *Eisdale. David A , M A. 38 Dublm-street, Edinburgh. 

1855. |Elder, David. 19 Paterson-stieet, Glasgow. 

1858. lElder, John. Elm Paik, Govan-road, Glasgow. 

1868. §Elger, Thomas Gw^n Empy, F.R A S. St. Mary, Bedford. 
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Ellacombe, 'Rev. H. T., F.S.A. Clyst, St. George, Topsham, Devon. 

1803. lEllenberger, J. L. Worksop. 

1855. §Elliot, Robert Wolfelee, Hawick, N B 

1861. *Elliot, Sir Walter, K S I , F.L.S. Wolfelee, Hawick, N. B. 

1864. JElliott, E. B. Washington, United States. 

1802. §§Elliott, Fredeiick Henry, M.A. 449 Stiand, London, W.C. 

Elliott, Jelm Fogg. El vet-hill, Duiham. 

1859. JEllis, Henry S , F R A S Fair Paik, Exeter. 

1864. *Ellis, Alexander John, B.A., F.R S. 25 Argyll-road, Kensington, 

London, W. 

1864 *Ellis, Joseph. Hampton I^odge, Brighton. 

1804. §Ellis, J. Walter. High House, Tlioinwaite, Ripley, Yoikshiie. 
*Ellis, Rev Robert, A.M. The Institute, St Saviour’s Gate, York. 

1809.§§Ellis, William Hoiton Pennsylvania, Exeter 

Ellman, Rev. E. B Berwick Rectory , near Ijewe«, Sussex. 

1862. JElphinstone, H. W., M A., F L.S. CWogan-place, I.ondon, S W. 

Eltoft, William. Care of J. Thompson, Esq , 30 New Cannon-street, 
Manchester 

1863. JEmbleton, Dennis, M.D. Northumberland-street, Neucastle-on- 

Tyne. 

1863 JEniery, Rev. W., B D. Coipiis Chiisti College, (’anibiidge. 

1858. lEmpsoii, Christopher. Brainhope Hall, la'ods. 

1866 JEnfield, Richaid. Low Pavement, Nottingham. 

1866 1 Enfield, William Low Pavement, Tvottinghnni 

1871. §Engelson, T 11 Portland-toiiace, Regent’s I'aik, London, N W^. 
1853. ^English, Edgar Wilkins Yolk^hlle Banking Company, Lowgate, 
Hull 

1869 §Eng'lish, ,1 T Stratton, Cornwall 

Enniskillen, W^illiam WTlloughby, hlarl of, D C L , F R S , M R 1 A , 
F G S 26 Eaton-place, London, S W , and Florence Court, 
Feimanagh, Ireland. 

1869. JEnsor, Thomas St Leonards, Exeter 

1869. *Eny8, John Davis. Canterbury, New Zealand. (Care of .1 S. Enjs, 
Esq , En;ys, I’enrvn, Coinw^all ) 

*Enys, John Samuel, F G S Eiiys, Penryn, Corn wadi 

1864. *Eskrigge, R A , F G.S Batavia-liuildings, Liv eipool 

1862. *Esson, WTlliam, M.A , F R S , F C S. M(>i(on College, Oxford. 
Estcouit, Rev W. J. B Long Nevv'ton, Tetbui} 

1869. §Etheridge, Robert, FRSE, FGS, Palccontologist to the Geolo- 

gical Survey of Great Britain. IMuseum of Piaetical Gi'ologv', 
.lennyn-stieet, and 19 llalsey-stieet, Cadogan-place, London, 
S.W. 

1870. *Evans, Arthur John. Nash Mills, Ilemel Hempstead. 

1865. *Evans, Rev'. Charles, M A King Edward’s School, Biimingham. 
1849 *Ev'ans, George Fabian, M D. 14 Teinple-rovv', Birmiiigliani 

1 848. |Evans, Griffith F. D , M.D. Trewern, near Welshpool, Montgomeiy - 
shire. 

1869. *Evans, H Saville W. 35 Hertfoi d-street, JMay Fair, Ijondon, W. 
1861. *Ev'ans, John, F.R S , F S A , F G S. 65 Old Bailey, London, E.C. ; 
and Nash Mills, Hemel Hempstead. 

1865. |Evan.s, Sebastian, M A , LL D. Ilighgato, near Biimingham. 

1866 lEvans, Thomas, FGS. Belper, Derbyshire 

1866. *Evans, William. Ellerslie, Augustus-road, Edgbaston, Birmingham. 

Evanson, R. T , M D. Holme IIiiKst, Torquay. 

1871. §Eve, H W. Wellington College, WYkingliam, Berkshire. 

1868. *Everett, J. D , D.C L., Professor of Natural Philosophy in Queen’s 
College, ^Ifast. Rushmere Malone-road, Belfast. 
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1863. *Everitt, Oeorgo Allen, K.L., K.H., F.R.G.S. Knowle Hall, War- 
wickshire. 

1859. *EwiMg, Archibald Orr. Ballikinrain, Killeam, by Glasgow. 

1865. * Ewing, William. 209 West George-street, Glasgow. 

1871. *Exley, John T., M A. Gotham, Bristol. 

1846. *Ey re, George Edward, F.G S , F R G S. 69 Lowndes-square, 
Kniglit&biidge, London , and Waireii’s, near Lyndhurst, Hants 
1806. lEyre, Major-General Sir Vincent, F.R G.S. Atheineuni Club, Ball 
Mall, London, S.W. 

Eyton, Charles Hendred House, Abingdon. 

1849. |Eyton, T C. Eyton, near Wellington, Salop. 


1842. 


1866. 

1865 

1870. 

1864 

1869, 

1861. 


Fairbaini, Thomas. Manchester. 

*Fairbaiiii, Sir William, Bart , O.E , LL I) , F R.S 
Mancliester 



1^ Fan hank, It F , 3LA. 

iFaiiley, Thomas Chapel Alleiton, Leeds. 

§Faiilie, Kobeit, C E. Woodlands, Clapham Common, I.ondon, S.W. 
JFalknei, F H. L}ncombe, Bath. 

Fannin, .Tohn, M A 41 Grafton-street , Dublin. 

JFfn'quharson, Robert O. Houghton, Abcideeii. 

§Fair, William, M D , 1) C L , F R S , Supeimtendent of the Statis- 
tical Department, Geneial Regisli} Ollice Southlands, Bickley, 
Kent 


18{;6. ^Farrar, Rev Fiedeiick William, INf A , F R S Marlborough. 

1867 IFarielly, Rev. Thomas. Royal College, Maynooth. 

1869. *Faalconer, R S Fairlawn, Clarence-ioad, Clanham Park, London. 
1869 JFaulding, Joseph. 340 Euston-ioad, London, N.W. 

1869. fFauldmg, W F Didsbiiry College, Manchester 
1S69. *Faulknor, Charles, F.S A.,‘F.G S., F.R G.S Museum, Deddington, 
0\on. 

1859. ^Fawcett, Henry, M P., Professor of Political Economy in the TTni\ er- 
sitv of Cambridge 42 Bessboiough-gardens, Piralico, London, 
S W ; and Trinity Hall, Cambridge. 

1863 IFawcus, Geoige. Alma-place, North Shields. 

1833. Fearon, John Peter Cucklield, Sus.^ex 

1845. JFelkin, William, F.L S 3’he Park, Nottingham. 

Fell, John B Spaik’s Bridge, tllverston, Laiicashiie. 

1804. §Fellowes, IVank P., F S.A , F S S. 8 The Gieen, Hampstead, Lon- 
don, N W 

1852. tFenton, S Gieame. 9 College-squaie, and Keswick, near Belfast. 
ISIO. JFerguson, James. Gas Coal-works, lAsmahago, Glasgow. 

1859. iFerguson, John. Cove, Nigg, Inverness. 
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1864. §Hariison, George. Barnsley, Yoikshiie. 

1858. *Harrison, James Park, M.A. Garlands, Ewhurst, Sm-rey. 
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1861. *Heald, .Tames. BaiT’s Wood, Didsbury, near ^^anchester. 
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1805 jHinds, James, M.D. Queen’s College, Birmingham. 

1803. |Hinds, William, M.D. Parade, Birmingham. 
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1803. JHodgson, R. W. North Dene, Gateshead. 
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Hogan, William, M.A., M.R.I.A. Iladdington-terrace, Kingstown, 
near Dublin. 
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the University of Cambiidge. The Leys, Cambiidge. 

1863. *lliint, Augustus II., M A , Ph D. Birtley House, Chester-le-Street, 

Fence Houses, Co. Dm ham. 
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1864. *Hutton, Dariiton. Care of Arthur Lupton, Esq , Headingley, near 

Leeds. 

1867. :l:Hutton, Henry D. 10 Lower Mountjoy-street, Dublin. 

Hutton, Hemy. Edenfield, Dundruni, Co. Dublin. 

1861. ^Hutton, T Maxwell. Suniineihill, Dublin 

1852 tHuxley, Thomas Hemy, Ph D , LI. D , F R S , F L S., F G S., Pro- 
fessor of Natuial llistoiv in the Royal School of Mines. 26 
Abbey Place, St John’s Wood, I.ondon. 

1846. jHuxtable, Rev. Anthony. Sutton Waldron, near Blandford. 

Hyde, ICdward. Dukinlield, near Mancliester. 

1871. *Hyett, Francis A 13 Hereloid-square, Old Brompton, London, S.W. 
Hyett, William Henry, F.R.S. Painswick, near Stroud, Gloucestei- 
shiie. 

1847. JHyndman, George C. 6 Howard-street, Belfast. 

Ihne, William, Ph.D. Heidelberg. 

1861. JRes, Rev J. H. Rectory, Wolverhampton. 

1858. jlngharn, Henry. Wortley, near Leeds. 

1871. §Inglis, The Right Hon. John, D.C.L, LL.D., Lord Justice General 
of Scotland. Edinburgh. 

1868. *Ingram, Hugo Francis M^nell. Temple Newsam, Leeds. 

1852. ifingram, J. K., LL.Dq M.R.I.A., Regius Professor of Greek. Trinity 
College, Dublin. / 
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1864 *Inman, Thomas^ M D. 12 Rodney-street, Liverpool. 

1870. *Inman, William I^ton Manor, Liverpool. 

1850. \Invnranfy^ J. D. Bomhay. 

Ireland, It S., M.I). 121 Stephen’s Green, Dublin. 

1867. |Ir\ine, Hans, M.A., M.B 1 Itiitland-square, Dublin. 

Irwin, Rev. Alexander, M.A. Armagh, Ireland. 

1802 Jlselin, ,T F., M.A., F.G.S. 62 Stockwell Park -road, London, S.A\ . 
1803. *Ivory, Thomas. 23 Walker-street, Edinburgh. 

1805 JJabet, George Wellington-road, Ilandsworth, Birmingham. 
1870.§§.Tack, James 26 Abercroniby-square, Liverpool.;;; 

1860 §.Taek, John, M.A. Belhelvie by Whitecairns, Aberdeenshire. 

1803. *Jackson-Gwilt, Mrs II. 24 Ileieford-square, Gloucester-road, Id 
Bioinpton, London, S.W. 

1805 \JacKbon^ Bdwin. 

1868 \Jackii()n^ Bdwui 7F. 

1800. § Jackson, 11 W. Springfield, Tooting, Surrey, S.W. 

1800 §.Jac]cson, Mos(*s. The Vale, Ramsgate 

Jackson, Piofessor TJionias, ITj.D. St. Andrew’s, Scotland. 

1856. \Jacks()n, Rev Wdliam^ M A. 

.Jacob, Aithur, M D. 23 Ely-place, Dublin. 

18.52 |.Tacobs, Bethel 40 Geoigo-stie(‘t, Ilull. 

1807. ^.laile, David Joseph. (Me.ssrs. dalle Brothers) Belfast 
1806. *Jafiray, .John ‘ Daily Post’ Ollice, New-stieet, Biimingham. 

18.50. |.Taiiies, l^alwaid. 0 Gascoyne-toii ace, Plymouth. 

1800. i.lanies, Edwaid H 0 Gascovne-teirace, Plymouth. 

James, Colonel Sir lleniy, R 10 , F R S , F.G S , !M.R I. A. Oid- 
nance Surv(*y Office, Southampton 

1801. *.Tames, Sir Waltei 0 Whitehall-gaideiis, London, S W. 

1868 J.Tames, William C 0 Gascoiiu'-teiiace, Plymouth 
18().3 Llameson, Jolm lleiiiy. 10 Catheime-teiiace, Gateshead. 

1860 *Jami('Soii, Thomas F , F G S Ellon, Abeideenshiie 

18.50 t.raidme, Alexander Jaidine Hall, Lockeiby, Dumfnesshiie. 

1870 §§.THidme, p]dwaid Beach l^awn, Waterloo, Liverpool. 

.laidme, .lames, C E , F R A S Edinbuigh. 

♦Jaidme, Sir AVilliam, Bait, FRSL & E, F L S. Jardine Hall, 
Applegaith by Lockerby, Dumfnesshiie 
1863. *Jariatt, Rc'v Canon J , M A. Noith Cave, near Brough, York- 
shiie. 

Jariett, Rev Thomas, M A , Professor of Arabic in the University of 
Cambiidge Tiuncli, Noifolk. 

1870. §,Tariold, John James London-street, Norwich 

1802. I.Teakes, Rev James, M A. 64 Argyll- road, Kensington, W. 

Jebb, Rev. John. Peterstow Rectory, Ross, Herefordshu'o. 

1808 §§ decks, Charles. BiUmg-road, Northampton. 

1842 *Jec,AiftedS 

1870 §§.Telleiy, F .T Liverpool 

18.50 f Jeffery, Heniy, M A. 438 Iligh-street, Cheltenham. 

18.55 *.leftrav, John. 103 St Vmceiit-street, Glasgow 
1867. |delfreys, Ilowel, M A , F.R AS 6 Brick-court, Temple, hi C. , and 
25 Devonshire-place, Portland-place, London, AV. 

1801. *Jeffieys, J Gwyn, F R S , F L.S , F G S., F.R G S. 25 Dcvoii- 
sliire-place, Portland-place, London, W. 

1852. J Jellett, Rev. John H , AI A , M R I A., Professor of Natural Philo- 
sophy in Tiinity College, Dublin 04 Upper Leeson-street, 
Dublin 

1842. Jellicorse, John. Chaseley, near Rugeley, Staffordshire. 
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1864. Dr. W. Paston Hall, near Petei hoi'ough. 

1862. § Jenkin, H. C. Fleemin^, F.K.S., Professor of Civil Engineering in the 
University of Edinburgh. 6 Fettes-row, Edinburgh. 

1864. § Jenkins, Captain Griffith, C.B., FUGS. Derwin, Welshpool. 
*Jenkyns, Rev. Henry, D.D. The College, Duihain. 

Jennette, Matthew. 106 Conway-street, Birkenhead. 

1862. §Jennings, Francis M., F.G.S., M.ll.I.A. Brown-street, Cork. 

1861. f Jennings, Thomas. Cork. 

*Jenyns, Rev. Leonai'd, M.A., F.L S , F.G.S. 19 Belmont, Bath. 
1870. § Jerdon, T. C. Care of Mr II S. King, 45 Pall Mall, London, S. W. 

* Jerram, Rev. S. John, M. A. ChobhaniVicarage,Farnboiough Station. 
Jessop, William, jun. Butteiley Hall, Deibyshiie. 

1870. *Jevons, W. Stanley, M.A., Professor of Political Economy in Owens 
College, Manchester. Writhington, Manchester. 

ISOS.*^* Johnston, G. J. 243 Hagley-ioad, Birmingham. 

1866. §Johnson, John. Knighton Fields, Leicester. 

1866. §Johnson, John G. 18a Basinghall-street, London, E.C. 

1868. ^Johnson, J. Godwin. St. Gilea’s-Stieet, Norwich. 

1868. I Johnson, Randall J. Sandown-\illa, Harrow. 

1863. J Johnson, R. S. Ilanwell, Fence Houses, Durham. 

1861. I Johnson, Richaid. 27 Dale-street, Manchester. 

1870. § Johnson, Richaid C. Warren Side, Blundell Sands, Lnerpool. 
•.Johnson, Thomas. The TIeimitago, Fiodsham, Cheshne. 

1864. |Johnson, Thomas. 30 Belgiave-stieet, Commeicial-ioad, Tvondon, E. 

Johnson, William. The Wynds Point, Colwall, Mah ein, Woicester- 
shire. 

1861. J Johnson, William Beckett. Woodlands Bank, near Altiincham. 

Johnston, Alexander Robeit, F R S. Ileatlieiley, near Wokingham, 

1871. §Johnson, A Keith. 74 Stiand, London, W.C. 

1869. XJoh7xston, David, M D. 

1864. ^Johnston, David. 13 IMailborough-buildmgs, Bath. 

Johnston, Edward. Field House, Chester. 

1859. IJohnston, Janies. Newmill, Elgin, N. B. 

1864. I Johnston, James. Manor House, Noithend, Hampstead, London, N. 

•Johnstone, James. Aloa House, by Stirling. 

1804. ^Johnstone, John. 1 Barnard-\ illas, Bath. 

1864. J^Jolly, Thomas Park Yiew-villas, llatli 
1871. §Jolly, William (H. M. Inspectoi). Inveino<5s. 

1849. JJones, Baynham. Selkiik Villa, Cheltenham. 

1866. JJones, C. W. 7 Grosvenor-place, Cdieltenham. 

1868. Jjones, Hen^ Bence, M A , Ml), D C L , F R S., Hon. Sec. to the 
Royal Institution. 84Biook-stieet, London, W. 

1864. JJones, Rev. Hemy H. Cemetery, Manchester. 

1864. tJones, John. 70 Rodnoy-street, Liveipool 

1864. §Jones, John, F G.S. Royal Exchange, Middlesboiough. 

1866. i Jones, John. 49 Union-passage, Biimingham. 

•Jones, Robert. 2 Castle-street, Liveipool. 

1854. *Jones, R. L. 6 Simnyside, Princes Paik, Liverpool. 

1847. f Jones, Thomas Rymer, Professor of Coinpaiative Anatomy in King’s 
College. 60 Coniwall-road, Westbourne-park, Lonclon, W. 

1860. I Jones, T. Rupert, F.G.S., Professor of Geology and Mineralogy, 

Royal Militaiy College, Sandhiust. 6 College-ten ace, York 
Town, Sun’ey. 

1864. SJones, Sir Willoughby, Bart, F.R.G.S. Cranmer Hall, Fakenhnm, 
Norfolk. . 

•Joule, Benjamin St. John B» 28 LeiceHer-street, Southport, Lan- 
cashire, 
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1842. Voule, James Prescott, LL.D., F.R.S., F.C.S. 6 Cliff Point, Higher 
Broughton, Manchester. 

1848. * Joy, llev. Charles Ashfield. Grove Parsonage, near Wantage, Berk- 

shire. 

Joy, Henry Holmes, LL.D., Q.C., M.R.I.A. 17 Mountjoy-squaie 
East, Dublin. 

1847. IJowett, Kev. B., M.A., Ilegius Professor of Gieek in the University 
of Oxford Balliol College, Oxford. 

1858. JJowett, John, jun. Leeds, 

*Jubb, Abiaham. Halifax. 

1870.§§Judd, John Wesley, F.G.S, Geological Museum, Jenny n -street, 
London, S.W. 

1803. J Jukes, Kev. Andrew. Spring Bank, Hull. 

1808. *Ivaines, Joseph, F.A.S.L. 8 Osborne-road, Stroud Green-lane, 
Hornsey. 

Kane, Sir liobeit, M.D., F.R S , M.R.I.A , Piincipal of the Royal 
College of Coik. 51 Stephen’s Gieen, Dublin. 

1867. IKavanagli, Janies W. Grenville, Rothgar, Iieland. 

1860. JKay, Da\id, F.R G S. 19 Uppei Philhmore-place, Kensington. 
Kay, John Cunliff. Fan field llall, near Skipton. 

*Kay, John Robinson. Walineisley House, Bury, Lancashne. 

Kay, Robeit Ilaugli Banlt, Bolton-le-Moois. 

1847. *Ka3^, Rev William, D D. Great Leighs Rectory, Chelinsfoid. 

1850. J Kay-Shuttle woith. Sir James, Bart. Gawthoipe, Burnley. 

1855. JKa^e, Robert Mill Brae, Moodies Burn, by Glasgow. 

1855 jKeddie, William. 15 North-street, JMungo-stiect, Glasgow. 

1800. i Keene, Alfred. Eastnoor House, Leamington. 

1850. ifKelland, Rev. Philip, M A.,F R.S L & E , Professor of Matliematiis 
in the University of Edinbmgh. 20 Claiendon Ciescent, Edin- 
burgh. 

1849. |Kelly, John, C.E. 38 Mount Pleasant-square, Dublin. 

1857. IKelly, John J. 38 Mount Pleasant-square, Dublin. 

1804. *Kelly, W. M , M D. 11 The Ciescent, Taunton, Someiset. 

1842. Kelsall, J. Rochdale, I.ancashiie 

1804 * Kemble, Rev Charles, M A. Vellore, Bath. 

1853. JKemp, Rev Heniy William, B.A. The Charter House, Hull. 

1858 jKomplay, Chiistopher. Tweeds. 

1857. ^Kennedy, Lieut-Colonel John Pitt. 20 Torrington-square, Blooms- 
bury, London, AV C. 

Kenny, Matthias, M.D. 3 Clifton-teriace, Monkstown, Co Dublin. 
1806. JKenrick, William. Norfolk-road, Edgbaston, Birmingham. 

Kent, J. C. Levant Lodge, Earl’s Cioome, AVorcester. 

1857. JKent, William T., M R D.S. 51 Rutland-squaie, Dublin. 

1857. ifKenworth, James IWley. 7 Pembioke-place, Idveipool 

1857. *Ker, Andrd AUen IVlnrray. Newbliss House, Newbliss, Ireland. 
1866. *Ker, Robert. Auchmraith, by Hamilton, Scotland. 

1805. *Kerr, William D., M D., R N. Bonnyrigg, Edinburgh. 

1808. JKemson, Roger. Crown Bank, Norwich. 

1809. *Kesselmoyer, Charles A. 1 Peter-street, Manchester. 

1809. *Kesselmoyer, William Johannes. 1 Peter-street, Manchester. 

1801. *Keymer, John. Parlier-street, Manchester. 

1805. *Kinahan, Edward Hudson. 11 Memon-square North, Dublin. 

1800. JKinahan, G. Henry, M.R.I.A. Geological Surv’ey of Ireland, 14 
Hume-street, Dublin. 

1858. jKincaid, Henry Ellis, M.A. 8 Lyddon-terrace, Leeds. 

1855. iKing, Alfred, jun, Evertou, Livei*pool. 



42 


LIST OF MEMBERS. 


Year of 
Election. 

1871 *King, Herbert Poole. Avonside, Clifton, Bristol. 

1855. JKiiig, James. Levemholme, Hurlet, Glasgow. 

1870. §King, John Thomson, C E 4 Clayton-square, Liverpool. 

King, Joseph Blundell Sands, Liverpool. 

1804. §King, Kelbume, M D. 27 George Street, and Royal Institution, 

Hull. 

1800. *King, Meiwyn Kerstenian. Avonside, Clifton Down, Biistol. 

1842. King, Richard, M D. 12 Bulstrode-street, London, W. 

King, Rev Samuel, M A , F R A S. St Aubms, .Tersey 
1870 §§King, William 13 Adela’de-terrace, Waterloo, Liverpool. 

King, William Poole, F G S Avonside, Clifton, BiistoL 
1800 IKingdon, B Rose Hill, Exeter 
1809 IKingdon, K Taddiford, Exeter 

1802. |Kingsley, Rev Canon Charles, M A., F L.S ,F.G.S. Evoisley Rec- 

tory, Winchfield. 

1801. Kingsley, John 30 St. Ann’s-street, Manchester. 

1835. Kmgstone, A John, M A. Mosstown, Longfoid, Ii eland. 

1807, JKinloch, Colonel Kiiriemuir, Logie, Scotland 

1870 §Kinsman, William R. ]3ranch Bank of England, Liverpool. 

1807 ^Kinnaird, The lion. Arthur Fitzgeiald, M P 1 Ptill Mall East, 
liOiidon, S W ; and Ros-sie Piioiy, Incliture, Perthshire 

1803. JKinnaird, The Right Hon liord,, K T , F G S Rossie Piioiy, Incli- 

ture, Perthshire 

Kinnear, J G., F.R S E Glasgow. 

3803 JKiikaldv, David. 28 Barth olomew-ioad North, I.ondon, N W 
1800. iKiikmaii, Rev. Thomas P , M A , F R S. Cioft Rectoiy, near War- 
iington. 

Kiikpatrick, Rev. W. B., D.D. 48 North Great Goorge-sticd., 
Dublin. 

1849 John William, F Q S. Warwick. 

3808 §§Kir\van, Rev Richard, M A. Gittesham Rectory, near Ilomton. 
1870 ^Kitchener, Frank 3^1. Rugby 

1809. Jlvnapnian, Edward The Vineyard, Castle-street, Exeter. 

1870, §Kiieeshaw, Ilemy 2 Gambler- terrace, Inverpool 

Kiiipe, J A Botcherbv, Carlis a 

1842 Knowles, .Tolm Old Traffbid Bank House, Old Trail ord, Manchester. 
1870 § ^Knowles, Rev J L Grove Villa, Bushey, Herts. 

*Ivnox, George James 

1835 Knox, Thomas B Union Club, Trafnlgar-sqiiaio, I.ondon, W.C. 
1870 §§Kynaston, .Tofeiah W St Helens, Lancashire. 

1805. :|.IxynTieisley, J. C S. The Leveretts, Handsworth, Birmingham. 

1858 ^Lace, Francis John Stone Gapp, Cross-hill, Leeds. 

1802. tLackerstein, Dr. (Care of Messrs. Smith and Elder, 15 Waterloo- 

place, London, S W ) 

1359. §Ladd, William, F.R A.S. 11 & 13 Beak-street, Regent-street, Lon- 
don, VV. 

1850 Jliaing, David, F S A. Scotl. Signet Library, Edinburgh. 
1870.§§Laird, II II Birkenhead. 

Laird, John, M P Ilamilton-square, Birkenhead. 

1870. §Laird, John, jun. Grosvenor-road, Claughton, Birkenhead. 

1859. JLalor, John Joseph, M R I A. 2 Longford-terrace, Monkstown, Co, 
Dublin. 

1840. * Laming, Richard. 10 Gloucester-place, Brighton. 

1870 §Lampoit, Charles Upper Norwood, Surrey, 

1871. §Lanca8ter, Edward, Karesforth Hall, Bamesley 

1859. JLang, Rev. John Marshall. Bank House, Morningside, Edinburgh. 
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1864. §§ Lang, Robert. Hallen Lodge, Henbury, Bristol. 

1870 §§Langton, Charles. Barkhill, Aigburth, Liverpool. 

*Langton, William. Manchester. 

1840. ILankestor, Edwin, M 1)., LL D., F.R.S , F L.S. 23 Groat Marl- 
borough -street, London, W. 

1806. §Lankester, E Rav. Melton House, Hampstead, liondon, N.W. 

*Lnicom, Ma]or-General Sir Thomas Aiskew, K C B , RE, F.R.S., 
M It I.A. Ileathfield House, Faveham, Hants 
Lasaell, William, F R S , F R A S. Ray Lodge, Maidenhead. 

1801. * Latham, Arthur G. 24 Cross-.street, Manchester 

1845. 1 Latham, Robert G., M.A., M D., F.R.S. 00 Disraeli-road, Putney, 
S W 

'"^La Touche, David Charles, M R I.A. Castle-street, Dublin. 

1870. §§Laughton, John Knox, M.A., F.R.A S., F.R.G S. Royal Naval 
College, Poitsmouth. 

1870 *LaAv, Channell 6 Champion Park, Camberwell, London, S.E. 

1857. JLaw, Hugh 4 Great Denmark-street, Dublin. 

1802. I Law, Rev James Edmund, MA Little Sholford, Cambridge- 

shire 

I^awley, The Hon Francis Charles Escrick Park, near York 
Lawley, The Hon. Stephen Willoughby. Escrick Park, near York. 
1870 §§LaAvrenoe, Edward Aigburth, Liverpool 
1800 |[jawson, ITeniy. 8 Nottingham-place, London, W. 

1857. Ilaiwbon, James A., LL.D , M.R I A. 27 Fitzwilliani-street, Dub- 
lin. 

1855. JLawson, John Mountain Blue Works, Camlachie 
1 808 * faiwson, M Alexander, M.A , F L S , Piofessor of Botany in the Uni- 
A ersity of Cvfoid Botanic Gaidens, Oxford 

180.1. |LaAvton, llenjamin C. Neville Chambers, 44 Westgato-street, 

N e wf a''tlo-upon-Tvne. 

185.1. f I.aAvton, William 8 l^Ianor House-street, Hull 

La}C 0 (k, Thomas, M 1) , l*rofes.sor of the Practice of Physic in the 
University of Edinburgh. 4 Rutland -street, Edinburgh. 

1805. f Tjca, Ileniy .35 Paiadise-street, Birmingham. 

1857. f L(\‘i( h, (kipt R E Mountjoy, Phcenix Park, Dublin. 

Jjendbetter, John. Glasgow. 

1870. H.eaf, Charles John, F L.S., FG S , F.S.A. Old Change, London 
EC., and HarroAV 

1870 *Loatham, Baldwin. 7 Westminster Chambers, Westminster, S.W. 
1847 *Leatham, Edward Aldam, M P Whitley Hall, Huddersfield. 

1858. JLeathei, George Knostrop, near Leeds. 

* Leather, John Towleiton Leventhorpe Hall, neai* Leeds. 

18.58 J Leather, .Tohn W. Newton Gieen, Leeds. 

180‘) fliCaAors, ,T W The Park, Nottingham. 

1858. *Le Cappelam, John Wood-lane, Highgate, London, N. 

18.58 ;},Ledgaul, WiUiam Potter NoAvton, near Leeds 

1812 Lee, Daniel. Springfield House, Pendlebury, Manchester. 

1801. tLee, Henry Irwell House, LoAver Broughton, Manchester. 

Lee, Himi’v, M D AVeatheroak, AU'e Church, near Bromsgrove 
185:3 *Jjee, John Edward, F.G.S , F S A. The Priory, Caerleon, Monmouth- 
shire. 

1869. ITiCes, William. 6 Meadow Bank, Edmburgh. 

*Jjeese, Joseph. Glenfield, Altrincham, near Manchester. 

*Leeson, Henry B , M A , M.D , F R S., F C S The Maples, Bon- 
church,Isle of Wight. 

*Lefiov, J. Henry, Major-General, R.A., F.R.S., F.R.G.S., Director- 
General of Ordnance. 82 Queen’s Gate, London, W. 
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•Legl^ George Cornwall, M.P. High Legh Hall, Cheshire j and 6 
ot. James’s-place, St. James’s-street, London, S.W, 

1860. §§Le Grice, A. J. Trereife, Penzance. 

1868. I Leicester, The Right Hon. The Earl of. Holkham, Norfolk 
1856. JLeigh, The Right Hon. Lord, D.C.L, 37 Portnian-sq^uare, London, 
W. ; and Stoneleigh Abbey, Kenilwoith. 

1861. *Leigh, Henry. Moorheld, Swinton, near Manchester. 

1870. §Leighton, Andrew. 85 High Park-street, Liverpool. 

•Leinster, Augustus Frederick, Duke of, M.R.I.A. 6 Carlton House- 
teirace, Loudon, S W. ; and Carton, Maynooth, Ireland. 

1867. §Leisliman, James. Gateacre Hall, Liveipool. 

1870 §§ Leister, G. F. Gresboum House, Liverpool. 

1859. JLeith, Alexander. Glenkmdie, Inverkmdie, N B. 

1860. ILempriere, Charles, D.C L. St. John’s ColWe, Oxfoid. 

1863. *Lendy, Capt. Auguste Frederic, F.L S., F.Gr.S. Sunbuiy House, 
Sunbury, Middlesex, S.W. 

1867. JLeng, John. ‘‘ Advertiser ” Office, Dundee. 

1861. |Lenuox, A. C. W. 7 Beaufort-gardens, Biompton, London, S.W 

Lentaigne, John, M.D. Tallaght House, Co. Dublin; and 14 Gieat 
Dominick-street, Dublin. 

Lentaigne, Joseph 12 Great Denni ark-street, Dublin. 

1871. §Leonard, Hugh, M R.I.A., Geological Survey of Ireland. 14 Ilunic- 

street, Dublin 

1861. JLeppoc, Henry Julius. Kersal Crag, near Manchester. 

1871. §Leslie, Alexander, C E. 72 George-street, Edinbuigh 
1856. ILeslie, Colonel J. Foibes. Rothienorman, Abeidoen^^liiro. 

1852. JLeslie, T. E. Cliffe, LL B , l^rofessor of Juiisprudenco and Polifical 

Economy, Queen’s College, Belfast 

1859. JLeslie, William. Warthill, Aberdeenshire. 

1846. JLetheby, Henry, M B , F.L.S , Medical Officer to the Cit;) of London. 
41 Finsbury-scj^uare, London, E C. 

1866.§§Levi, Dr. Leone, I.S.A., F.S.S., Piofessor of Commercial Law m 
King’s College, London. 10 Farrar’s-buildmg, Temple, London, 

E.C. 

1870. §§Lewis, Alfred Lionel. 151 Church-road, Stoke Newington, Lon- 

don, N. 

1853. JLiddell, George William Moore Sutton House, near Hull. 

1860. ILiddell, The Veiy Rev. H G., D D , Dean of Chnst Chinch, Oxfoid. 
1855. |Liddell, John. 8 Clelland-stieet, Glasgow. 

1859, JLigertwood, George. Blair by Summerhill, Aberdeen. 

1864 .§Lightbody, Robert, F.G.S. Ludlow, Salop. 

1802. :j;Lmord, I'^he Right Hon. Lord, F.L S. Lilford Hall, Oundle. Noith- 
amptonshire. 

•LimericK, Charles Graves, D D., M R.I.A., Lord Bishop of. The 
Palace, Henry-street, Limerick. 

•Lindsay, Charles. Ridge-park, Lanai k. 

•Lindsay, Henry L., C E., M.R I.A. 1 Little Collms-strcct Wc'st, 
Montreal, Canada. 

1855. *Lindsay, John II. Care of James Jarvie, Esq, 7 Steven-strect, 
Glasgow. 

1871. *Lindsay, Rt. Hon. Lord. 47 Biook-etreet, London, W. 

1871. §Lindsay, Rev. T. M. 7 Great Stuart-street, Edinburgh, 

1870. §Lindsay, Thomas. 288 Renfrew-street, Glasgow. 

1842 , •Lingard, John R., F.G.S. Maj field, Shortlands, by Biomley, 
Kent. 

Lingwood, Robert M., M. A., F.L.S. , F.G.S. Cowley House, Exeter. 
Lister, James. Liverpool Union Bank, Liverpool. 
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1870. §Li8ter, Thomas. Post Office, Barnsley. 

Littledale, Harold. Liscard Hall, Cheshire. 

1881. *Liveing, G. D , M.A , F.C.S., Professor of Chemistiy in the Univer- 
sity of Camhndg’e. Newnham, Cambridge. 

1804. §Live8ay, J. G. Cromarty House, Ventnor, Isle of Wight. 

1880. ^Livingstone, Rev. Thomas Gott, Minor Canon of Carlisle Cathedral. 
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1857. JWilliams, Re\. James Llanfaiiirmhormvy, Holyhead. 
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1857 i Wilson, James MonciielF 9 College Gieen, Dublin. 
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Jermyn-stieet, Ijondon, S W. 

1817. *Wilson, Rev. Sumner. Ibeston Candover, Micheldever Station. 
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180)5. *W'ood, William, IM I). 99 Harley-street, liondon, W. 

1801. |Wood, William Rayner Singleton Lodge, near Manchester. 
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Woods, Samuel. 3 Coptliall Buildings, Angel-couit, London , E C. 
1870 §§Woodburn, Thomas. Rock Ferry, Liveipool 
1806 §Woodward, Henry, F.G S. Biitish Mu‘^eum, London, W.C 
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1858. J Wright, Henry. Stanord House, London, S W. 

1805 fWright, J S. 108 Biearley-street West, Biimingham. 

*Wright, Robert Francis. Hinton Blewett, ’remple-Cloud, near 
Bristol. 
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1868. Professor Karl Koch. Be«lin 

1856. Professor A Kolliker. Wurzburg, Bavaria. 

1856, Laurent-Guillaume De Koninck, M.D., Professor of Chemistry and 
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1868. Professor L Radlkofer. Munich. 

M. De la Rive. Geneva. 
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Exeter, Albert Memorial Museum. 
Geogiaphical Society (Royal) 
Geological Society. 
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St Petersburg. 
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Utrecht 
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AFRICA. 
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American Academy of 
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Adelaide . . The Colonial Government. 
^’lctorla The Colonial Government. 


Printed by TiVLOR and Francis, Eod Lion Court, Fleet Street. 




Albemarle Street, 
Dcc"mhcr^ 1871 


MR. MURRAY’S 

FORTHCOMING WORKS. 


Tho<^c ]ro//tV until ilir pmcs atju'cil im now liiadij 


THE SPEAKER’S COMMENTARY ON THE 


JL 


HOLY" BIBLE, Explanatory and Critical, with a Revision of the 


Translation By Brsiiops and other Clergy of the Anglican Church 
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(oiuiuisc'd m the ()ii,Mtion, the Dc Annua, an Intiodnction to the Ylctaphysica, and 
an Ahstiac t of the yic dei pait of tliat Woik , some cn;,mate riiilosopliical Discussions , 
,uul An Ae( oiint of the Doctiines of i'l[)i(unis uul the Stcues 


MARRATIVE OF THE FIRST EXPLORATORY 

JOITRXLY TO HICK TARTARY", Y"ARKAND, AND KASHCAR (for- 
an.iHA (^uinlse-Tartary), and Return oviai the Karakorum Pass 
By ROBERT SHAW, British Commissioner m Ladak. YVith Map and Illus- 
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systems of clement uy and (ollcgiate education as to make them suitable to the wants 
of the pcojile And lie iiiauguiated a constitutional paity m Ulster which prcscived 
the peace of Iicland, and gave a death-blow to Repeal — JulUor'i Ptcfacc 


UISTORY OF BRITISH COMMERCE FROM 

THE COVCTATSION OF THE SEVEN YEARS’ WAR TO THE PRESENT 
TIME By PuoFi..ssoR LEONE LEVI, F S A , Barristcr-at-Law, Doctor of 
Political Economy of the University of Tubingen 8vo 


A BOY’S VOYAGE ROUND THE WORLD; IN- 

CLUDING A RESIDENCE IN VICTORIA, AND A JOURNEY BY RAIL 
ACROSS NORTH AMERICA Edited by SAMUEL SMILES, Author of 
“ Self Help,” ske Y\ ith Illustrations Post 8vo Gi 



. CHRYSOSTOM; HIS LIFE AND TIMES. 

A Sketch of the Chuich and the Empire in the IVth Century By Rev 
W R W STEPHENS, M A , Balhol Coll , 0\on., Vicai of Mid-Lavant, Sussex 
With Portrait 8\o lu 


MEDITATIONS ON CHRISTIANITY IN RELA- 

J-" TION TO THE PRESENT STATE OF SOCIETY AND OPINION, By 
M GUIZOT. PostBva !>s 


CHARACTER. 

^ SAMUEL SMILES 

Influence of Chaiactcr. 
Horne Power 

Com pan lonsh ip — E vamplc 
Work 


A Companion Volume to “Self Help.” By 


Post 8vo bs 

CONTENTS 

Courage 
Self-Control 
Duty — Ti uthfulncss. 
Temper 


Mannei 

Companionship of Books 
Companionship m Marriage. 
Discipline of Experience 


A THIRD VOLUME OF THE 

MARQUIS DE BEAUVOIR’S VOYAGE ROUND 

the WORLD PostSvo. 



FOETnCOMINO WORKS. 


3 


rSSAYS ON CATHEDRALS, by various writers. 

Edited, with an Introduotion, })y J S HOWSON, D D , Dean of Chester 8vo. 

CONTBYTS 

I RECOLLECTIONS OF A DEAN liidinj) of Carltsbu 
IL CATHEDRAL CANONS AND THEIR WORK, Canon Norris 

III CxATHEDRALS IN IRELAND, PAST AND FUTURE Dean of CisiiEU. 

IV CATHEDRALS IN THEIR MISSIONARY ASPECT. A J B Bkreskord 

Hopk, MP 

V CATHEDRAL FOUNDATIONS IN RELATION TO RELIGIOUS THOUGHT 
Canon Wi.stcott, D D 

VI RELATION OF THE CHAPTER TO THE BISHOP Rev E W Benson, D D 

YII CATHEDRAL CHURCHES OF THE OLD FOUNDATION Edward A 
Freeman, M A 

VIH ARCHITECTURE OF THE ENGLISH CATHEDRALS VIEWED HISTO- 
RICALLY Pieeontoi Venarles, M A 

IX TRADITIONS AND CUSTOMS OF CATHEDRALS Rev E C Mac- 

kenzie Walcott, !> D 

X WELSH CATHEDRALS Rev J J Stewart Peuowne, P> D 

XI EDUCATION OF CATHEDRAL CHORISTERS Rev Sir Frederick Gore 

OusFLi V, Bait , M A 

XII CATHEDRAL SCHOOLS Rev T C Durham, M A 

THE WORKS OF ALEXANDER POPE. Edited, 

A with Notes By Rev WIIITWELL ELWIN Vol VIII forming the Third 
Volume of The Conctjwndciirc, and containing unpublished Letters, including 
70 written by Pope and Lord Orrery, disclosing the secret history of the pub- 
lication of the Pope and Sreift Correspondence which have been recently 
discovered by the Editor With Portiait 8vo 

MODERN INDIAN PROBLEMS: SELECTIONS 

-■-I-*- FROM Speeches delivered and Minutes purlished in India. By Sir 
HENRY SUMNER AIAINE, KCSI, LLD, formerly Law Member of the 
Supreme Government of India, Author of “Ancient Law,’' “Village Com- 
munities m the East and West ” 8vo. 


A 


BIOGRAPHY OF LORD BYRON. AND A 

CRITICAL ESSAY ON IIIS PLACE IN LITERATURE By CARL ELZB. 
Translated from the German, with the Author’s Aid, and edited with Notes 
With an Original Portrait. 8vo. H5 n. 
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ME. MUEEAY’S LIST OF 


THE PRINCIPLES OF GEOLOGY; OR, THE 

JIODERN CHANGES OF THE EARTH AND ITS INHABITANTS, CONSIDERED AS 


ILLUSTRATIVE OF GEOLOGY 

J'Jdition, iJun'unghh) icui,c(l 


By Sir CHARLES LYELL, Bart , F R S. 
Vol I With Illiist. itioim 8vo 


Wth 


THE SUPPLEMENTARY DESPATCHES OF THE 

^ LATE DUKE OF WELLIXGTOX Edited by his Son. Vol XIV 8vo 

CON'ITNT'^ 

Instiuctions issued ly tlie Duke in Sjuin, tlio South ot Fianoo, and dnung the 
Watciloo O.uiijiaign, lespcoting the oig.ini/ation and disti})luic, aiul upon the ninve- 
nients and oidiisot battle, ot tlio Allied Aunies Iiiteueptod Letteis and llepoits 
lioin Fietuh (Icncials , Napoleon’s Instiiu tions to his Maishals, A( , Ae 

A compute Index of the SV/i^'s 0/ the Snjfjdementcii 1/ Dt^patchec^^ 
iiulnding the AjtjH/tdtXy mil echo he gc'ibtishcd, conqcUting the Wocl 


THE CIVIL AND POLITICAL CORRESPOND- 

A ENCE OF THE LATE DUKE OF WELLTNGTOX Edited by bis Son. 
Vol IV 8vo 20s 


CONTENTS 

Coiiesiioiidentc \\ith ]\Ii Canning upon the Duke’s icsignation of the cominand of 
the Ainiy, Menioiaiida upon Gietse, Tiiikej, Russia, the Ikittle of N.ii.iiino, the 
augriieiitatioii and oigaiuzation of the Aini\, Ai , the Godciich Miiusti} , Biitish 
Tiooi>s in I’oitiigal , the Duke’s Adniinistiation , ictonstiiiction of the (hnei ninciit upon 
Ml Iliuskisson’.s lOsignation , Coin and Koinaii Catholic Questions, A( , Ac 


A DESCRIPTION, HISTORICAL AND ARTISTIC, 

^ OF THE NATIONAL IVIEMORIAL T'O IIIS ROYAL HIGHNESS THE 
RRINCE CONSORT Illustrated by accurate cngiavings of the Monument 
and its Decoiations , its Sculptuied Groups, Statues, Aichitoctuie, Mosaics, 
Metalwoik, Ac, tlesigned and executed by th(‘ most emiiKiit Biitish aitists 
Published by the sanction of the Executive Committee Engraved undei 
direction of LEAVES GHUNER The de&cnptixc text vill be accompanied 
by numeioub AVoodcuts IH Luge PlaD's Folio (50 Copies on Large Paper) 

SiiIaci the? jVctnieb mil he > caned hg cell Jloohsellei s, and he in'cnicd 
mth the Woth, f leaned m cjood time 


TJISTORICAL MEMORIALS OF THE ROYAL 

PALACE AND CHAPEL OF THE SAVOY. By JOHN GIBSON LOCK- 
HART Biogiaphei of Sir AValter Scott , sometime Auditor of the Duchy of 
Lancaster. Edited by Rlv HENRY AVHITE, Chaplain of the Chapel Royal 
Savoy, and to the Speaker of the House of Commons , Honorary Chaplain 
to the Queen , Ilonoiary Fellow of King’s College AAbth Illustrations 
Crown 8vo. 

These Menioiials wcie jnintcd by Command of the Queen, m 1844, for private 
ciiculation, and are now published with many additional Notes and Illustrations. 



FORTHCOMING ^YORKS. 
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THE LONGEVITY OF MAN ; ITS FACTS AND 

ITS FICTIONS Including Observations on the more Remarkable Instances, 
and Hints foi Testing Reputed Cases By WILLIAM J THOMS, F SA. 
Post 8vo. 


THE CHOICE OF A DWELLING ; A PRACTICAL 

Handbook of Useful Infokmation on all Points connected with 
Hirino, Buying, or Building a House By GERVASE WHEELER, 
Arcintect, Author of “ Rural Homes,” “ Homes foi the People,” Ac. AVith 
Woodcuts and Plans Post Svo 7 s’ 

“ It lias fallen to the lot of most people to lie obliged to select a dwelling foi lease 
01 ])iiuhase , to many to lie obliged to build one Only ■when such a necessity aiises, 
IS the uUantage of special knowledge fully peiccived, and those w'ho do not e\pe- 
iicncc this foi the most put piy loi lashness .uid want of consideiatum The object 
ot this woik IS to allnid to peisons so situated the licnelit ot the cvpciience of otheis 
.is towh.it they should sock, and what <i\okI , to what jioints their encpiuics should 
bo (111 ec ted, .111(1 in wh.xt consist llic c\ccIlenoes of .i well-built liouse, and the dangers 
. 111(1 misei> ol an ill-constiiictod one ” 


A 


SECOND SERIES OF ESSAYS ON THE 

CHURCH AND THE AGE Edited by ARCHIBALD WEIR, DCL, and 
W. D MACLACAN, MA 8 a o. 


I'VRL N1 I.SOV 

nislior OF WLSILLN NLW 
A ORK 


T.lSf OF ALTlfoRs 
UFAN OF CAshLL 
OVYON ASUWLLL 
ISAMRARD RRUMIL, I> C L 


R1 V R IIORGAN COAA IE 

CANON NORRIS 

Rh\ (irouaE AVILLIAMS 


THE 

1- OI 


CORRESPONDENCE OF THE LATE EARL 

OF ELGIN, Governor-General or India, Ac Edited by THEODORE 
WALRONI) Svo. 


BIOGRAPHICAL ESSAYS, by rev. whitwell 

^ ELWIN, B A Editor of Pope's Works 2 Yds. Ciown Svo. 


THOMAS GRAY 
LAUKLNCK STERNT 
OLI\EH GOLDSMITH 


HLNRY FIELDING 
WILLIAM COM'Pl U 
SAMUEL JOHNSON 


J VMLS BOSWELL 

THE NVPIFRS 

SIR JOSHUA REYNOLDS. 


A 


HANDBOOK FOR ALL ENGLAND, alpha- 

betically Arranged to facilitate Reflrence, serving as a Com- 
BANioN TO Bradshaw’S and other Railway Guides. Post8vo, 


U ROTE’S HISTORY OF GREECE. A NEW LIBRARY 

^ EDITION, CAREFULLY REVISED AND BEAUTIFULLY PRINTED. 
With Portiait, Maps, and Plans 10 Vols. Demy Svo. 
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ME. MUEEAT’S LIST OF 


METALLURGY OF GOLD AND SILVER, MER- 

-‘“’A CURY, PLATINUM, TIN, NICKEL, COBALT, ANTIMONY, BISMUTH, 
ARSENIC, AND OTHER METALS By JOHN PERCY, M D , F R S , 
Lecturer on Motalluigy at the Royal School of Mines, London. With Numerous 
Illustrations. 8vo. 

A DICTIONARY OF CHRISTIAN ANTIQUITIES 

AND BIOGRAPHY FROM THE TIMES OF THE APOSTLES TO 
THE AGE OF CHARLEMAGNE By Various Authors Edited by WM. 
SMITH, D C L , LL D With Illustrations 2 Vols Medium 8vo 

UALLAM’S HISTORICAL WORKS; WITH the 

AuTHOK’S latest COURECTIONS AND ADDITIONS A CHEAPER EDITION. 
Post Svo 


To he iMtied as Jollons 

HISTORY OF ENGLAND 3 vols J2s 

HISTORY OF EUROPE DURING THE MIDDLE AGES 3 vols 12'.^ 
LITERARY HISTORY OF EUROPE 4 vols J(.. 

The 2 >Mic are caviioncd ayauist impeijcii editions that hate appeared ol 
the^e n'orls, a<( iheif aie vierehj repnnts of the fu^t editions, nhxch the authoi 
himself declared to be full of eriors, and they do not contain the author’s 
additional notes and latest corrections 


THE STUDENT’S CONSTITUTIONAL HISTORY 

A OF ENGLAND By HENRY HALLAM, LL D A Netr and llictsed Edition, 
including the Author’s latest Corieetions and Additions. Edited by 
WM Smith, DC.L, LLD. One Volume. Post 8vo. 


A SMALLER ANCIENT HISTORY OF THE 

^ EAST By PHILIP SMITH, B A. With Woodcuts IGmo. 3^. Gd. 

THE LOCAL TAXATION OF GREAT BRITAIN 

A AND IRELAND. By R H. INGLIS PALGRAVE 8vo. Bs. 


MEDIAL LATIN - ENGLISH DICTIONARY. 

'Ll! FOUNDED ON THE GREAT WORK OF DUCANGE By E A 
DAYMAN, B D , Late Fellow and Tutor of Exeter College, Oxford , Rector 
of ShiUmgstone, Dorset , Prebendary of Sarum Small 4to 


A SMALLER MANUAL OF ANCIENT GEOGRA- 

PHY. By Rev. W. L. BEVAN, M.A. Witli Illustrations. Post 8vo. 



FORTHCOMING WORKS 


THE GALLICAN CHURCH; A HISTORY OF 

^ THE CHURCH OF FRANCE, fkom the Concordat of Bologna, 1516, to 
THE Revolution With an Introduction By W HENLEY JERVIS, M.A , 
Piebendary of Heytesbury 2 Vols. 8vo 

rSSAYS FROM THE “TIMES.” BEING SELEC- 

^ TIONS FROM THE LITERARY PAPERS WHICH HAVE APPEARED 
IN THAT JOURNAL By the late SAMUEL PHILLIPS, BA. With 
Poi trait 2 Vols J^ost 8vo. 7') 

A COPIOUS ENGLISH GRAMMAR. A methodical 

Analytical, AND Historical Treatise on the Orthography, Prosody, 
Inflections, and Syntax of the English Tongue With numerous 
Authorities, cited m the ordei of Hi.stoiical development From the Geiman of 
PROFESSOR MAETZNER, of Beilin J Vols Hvo. 

UISTORY OF THE CHRISTIAN CHURCH. BY 

JAMES C ROBERTSON, MA, Canon of Canterbuiy, and Piofessor of 
Ecclesiastical History lA King’s College, London Vol. IV — From the Death 
of Boniface VIII to the End of the Fifth Council of the Lateran. 1303—1517 
8vo 

THE METALLURGY OF COPPER. ZINC, AND 

BRASS including Dcsciiptions of Fuel, Wood, Peat , Coal, Charcoal, 
Coke, Fire-Clays By JOHN PERCY, M D , F R S Kew and llnised 
Kdtiton. AVith 150 lUustiations 8vo 

THE ORIGIN OF SPECIES, BY MEANS OF 

NATURAL SELECTION, or, The Preservation of Fa\oured Races 
IN the Struggle for Life By CHARLES DARWIN, F R S 0/7/ and 
('heaprr Edition With Answers to the vaiious Objections leccntly laiscd 
against the Theory of Natural Selection , and a Glossaiy of Scientihc Terms. 
With Woodcuts. Post 8vo. 

THE LIFE OF WILLIAM WILBERFORCE. 

A Condensed from the larger Edition By the BISHOP OF WINCHESTER 
With Portrait Chea2)er Edition. Post 8vo 66. 

THE MANNERS AND CUSTOMS OF THE 

A MODERN EGYPTIANS. By E W. LANE. A Kew Edition With Wood- 
cuts. 2 Vols. Post 8 VO 12s 

TONDON-PAST AND PRESENT. BY PETER 

CUNNINGHAM, F S A A Nciv and tJuironghly lltviscd Edition, By LlEUT,- 
Colonel FRANCIS CUNNINGHAM. 3 Vols. 8vo. 



DR. W. SMITH’S ANCIENT ATLAS. 


AN HISTORICAL 

ATLAS OF ANCIENT (lEOGEAPHY, 

BIBLICAL ANB CLASSICAL. 

COMPIJ.LD UNDLU THE &U1>E1UNTENDE^CE OE 

WILLIAM SMITH, DC.L, and GEORGE GROVE, Esq 


T HIS impoitant Woik, -which has been imdei taken to supply an ackno-w- 
lodgcd want, .is as in llln^ti.ition ot the DICTIONARY OF TUE 
BIBLE and the CLASSICAL DICTIONARIES, and T\hich has been fouitoen 
yeais in picpaiation, is now neaily icady foi publication. Tho Maps ha\o 
been diawn on a largo sc.ile, and liavo bi'en executed by tho most eminent 
ongia\eis in Pans and London They cont.ain tho modem names along with 
tho ancient ones Thoio is also .i senes of .smullei Majis, in illu.stiatioii of 
each countiy at diffeient histoncal penods Tdio Classical Maps have been 
piejiaiod by DR. KARL MULLER, the Editor ot Stiabo and tho Minoi Grioek 
Geogiapheis, under the supeiintendonco of DR "WILLIAM SMITH Ilioso of 
the Holy Land and Mount Sinai include the loicnt ob^civations and po.sitions 
obtained by tho Offiems of Ro>al Enginecis (‘mplo\ed iii surveying them, and 
have been constiuctod by MR TRELA’WNEY W SAUNDERS, undei the 
supenntendence of MR. OEORGrE GROVE. 

Tho Atlas will contain a senes of Maps of the same si/e and foini as IvEriii 
Johnston’s Royal Atl\s of Modern Geogkapiiy, with which it will lango 
It will bo publnhed ([iiaiteily, and tho tint Pait -will ap^x'.ii on Jannaiy 1, 
1872. Tho ordoi in which the Maps are to ho finally ai ranged will bo specified 
m tho last Pait, Yhich will also contain ch'scnptno liottoipiess and a full Index. 


PAET I. 

[To l)p published Jan, 1, 1872.) 


1 The Holy Land, on a large scale 
(Fust Sheet ) 

2. Historical 3Iai*s of the Holy 

Land — a Before the Conque.st, 
1471 EC , Affei the Conquest, as 
divided amongst the Twelve Tubes , 
c During the Monarchy, 100.7 B c to 
.780 B c , d Under the Maccabees, 
]()0 B c ; e Under Herod the Great, 
B C. 40 , / In the time of our Lord , 
g Under Agrippa T , A d 41 , h At 
the destruction of .Jerusalem, A u 70 

3. Greek and Phcenician Colonte.s — 

Also Maps a. Magna Grcecia, b 


Sicily .at the time of the Pelopon- 
ncsi.an War, c Syiacuse , d Agii- 
gentum , r Bosporus Cimmenus 

4 Gallia, on a laige scale Also Maps 

a Gallia before the time of Augustus , 
h Insula Batavorum , c Port of 
Massilia 

5 Italia Surlkior, on a large scale 

6 Greece after the Doric Mkhu- 

TiON — Also Maps a Greece in the 
Heroic Age , h Plain of Troy 

7. Greece at the time of the Per- 
sian Wars. 



DR. SMITH’S ANCIENT ATLAS — contiimed 


PART II. 

(To he itiihlishetl Apul 1, 1872.) 


1 Tin: Holy Land, on a laige scale 

(Second Sheet ) 

2 Map of Asia and Ega ft, to illiistiate 

the Old Testament 

:> Peloponnlsu.s, on a largo scale - 
With Plan of Sparta 

4 Central Greece, on a large scale, 
contamipg Attica, Boeotia, Locus, 
Phocis, Dons, Malis Also J\laps 


PARTS III. 


<( Athens , b The Environs of 
Athens , ( The Harbours of Athens , 
f/ Acropolis , e. Marathon , /. Eleu- 
sis 

') I I’ALiA Inferior, on a laige scale 

C Gri ece at the time of the Pelo- 
j*ONNi:siAN War 

7 Greece ap the time of the 
Acieean League 


IV. and V. 


[To he pi lU) shed Jidij 1, Odoher 1, and Dannhei 31, 1872, rcsjiedivehj ,) 


Mill. ( 0 \l MV nil 

1 Jeiusalem, on a huge scale Also 
Maps a Jerusalem m the time of 
David , b Jerusalem according to 
J oseiihus 

2 Enviions of Jerusalem 

.] Sinai from the lecent Survey, and 
Wanderings of the Israelites 

1 IMap of Asia and Europe to illustrate 
the New Testament 

Empires of the Babylonians, I/ydians, 
IMedes and Persians 

0 Empiie of Alexandei the Great 

7 Kingdoms of the Successois of Alex- 
ander the Great 

8 The Homan Einpiie in its gicatest 
extent 

The Roman Empire after its division 
into the Eastern and Westein Em- 
pires 

10 Britannia 
11. Hispania. 


ni M VIM\(c M VI’S — 

12 Germania, Rhmtia, Noricum 

1 ; I Piconi a, Thracia, IVtoesia, Illyria, Dacia 
Pannonia 

14 Histoiical Maps of Italy 
1 '» Plan of Rome 
10 Envnons of Rome. 

17 Noitheni Giecce 

18 Shoics and Islands of the H^lgAan 

Sea 

ID Asia Minor 

20 Histoiical Maps of Asia Minor. 

2 1 Ai abia 

22 India 

2.1 Northern part of Africa. 

2 1 ..Egypt and ^Ethiopia. 

2’> The World as known to the An- 
cients 

20 Geographical Systems of the An- 
cients. 



Albp:makt<e Sirkef, 
December^ 1871. 


ME. 

WORKS 


MUKEAY’S 

NOW READY. 


HE SPEAKER’S COMMENTARY ON THE HOLY 

BIBLE, EXPLANATORY AND CRITICAL, WITH A REVISION OF THE 
TRANSLATION, By Bimiops and other Clergy of the Anglican 
Church Edited by F C. COOK, M A , Canon of Exeter Vol I Medium 
8vo ‘.]0s 

Contents THE PENTATEUCH 
Genesis— Bishop of Ely , 

Exodus— Canon Cook and Rev Samuel Claik 
Leviticus— Rev. Samuel Clark , 

Numbers— Rev T E Espm and Rev. J F. Tliiupp, 

Deuteronomy— Rev T E Espm 

‘‘Tins truly \alual)lc voik We can tlioiouglily congiatiilate the Speaker on this 
fiist lesult ot the lahoiiis ^\hlcJl he has feo viscly and heaitily piomoted ” — John 
Bull 

“These lemaikable volumes — En<jlish Indcpemloit 

“This \alual)le and iinpoitant woik One of the most remarkable pi eductions of 
the piesent generation ” — Chustian Ohscrieu 


HE BOOK OF MARCO POLO, THE VENETIAN, 

CONCERNING THE KINGDOMS AND MARVELS OF THE EAST A 
Neav English Version. Illustrated by the Light of Oriental Writers and 
Modern Travels. By COLONEL HENRY YULE, CB, late of the Royal 
Engineers (Bengal) With 20 Maps and Plates, and 80 Illustrations. 2 VoLs 
Medium 8vo. 42#. 


SCRAMBLES ON THE ALPS. Including the First 

^ Ascent op the Matterhorn, and the Attempts which preceded it, 
and Observations on Glacial Phenomena on the Alps and in Green- 
land. By EDWARD WHYMPER. Second Edition. With Maps and 120 
Illustrations. Medium 8vo. 21#. 
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ME. MUEEAY’S WOEKS NOW EEADY. 



RAVELS OF A PIONEER OF COMMERCE, IN A 

PIGTAIL AND A PETTICOAT, on an Overland Journey from China 
TOWARDS India. By T. T COOPER, Late Agent for the Chamber of Com- 
merce at Calcutta. With Map and Illustrations. 8 vo 1 



ILLAGE COMMUNITIES IN THE EAST AND 

WEST Six Lectures delivered at Oxford. By SIR HENRY 
SUMNER MAINE, K C S I , LL D , Author of “ Ancient Law , ” Coipus 
Professor of Juiisprudence in the University, and formerly Law Member of the 
Supreme Government of India. 8 vo. 1)5 



ISTORY OF PAINTING IN NORTH ITALY, 

Venice, Padua, Vicenza, Verona, Ferrara, Milan, Friuli, Brescia, 
from the 14th to lEth Century Drawn up from fiesh materials and recent 
researches in the Ai chives of Italy, as well as from personal inspection of the 
Works of Alt scatteied throughout Europe. By J A CROWE and G B. 
CAVALCASELLE, Authors of “ Lives of the Early Flemish Painters ” With 
Illustrations 2 Vols 8 vo 42,9. 


PRIMITIVE CULTURE; RESEARCHES INTO THE 

-L development of mythology, PHILOSOPHY, RELIGION, ART, 
AND CUSTOM By EDWARD B. TYLOR, FRS., Author of the “Early 
History of Mankind.” 2 Vols. 8 vo. 24#. 


HE WORKS OF ALEXANDER POPE. A New 

EDITION, CONTAINING ORIGINAL PIECES AND MANY HUNDRED 
LETTERS NEVER BEFORE PUBLISHED Edited with Introductions 
and Notes By REV WHITWELL ELWIN Vols I & II, Poetry; Vols 
VI. k VII., Letters With Portraits. 8 vo. IO 5 Gd each. 


rrilE DESCENT OF MAN, AND SELECTION IN 

EELATION TO SKX. By CHARLES DABWIN, FES. Author of “The 
Variations of Animals and Plants,” &c Ac. 7th Thousand. With lUustrations. 
2 Vols. Crown 8 vo. 245. 



HE STUDENT’S ELEMENTS OF GEOLOGY. By 

SIR CHARLES LYELL, BART , F R S , Author of “ Principles of Geology,” 
“The Antiquity of Man,’' &c. 8ixth Tlwusamd. With 600 Woodcuts. Post 

8vo 1)5. 
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MR. MURRAY’S WORKS NOW RPJADY. 


qiHE HANDWRITING OF JUNIUS RROFESSION- 

ALLY INVESTIGATED By MR CHARLES CHABOT, Expert With 
Preface and Collateral Evidence, by the HON. EDWARD TWISLETON 
With Facsimiles and Woodcuts 4to. 035 


P 

T 

T 

T 

T 

A 


RINCIPLES AND PRACTICE OF JMODERN ARTIL- 

LERY, INCLUDING AllllLLERY MATERIAL, GUNNERY, AND ORGANIZATION 

AND USE OF Artillery in Warfare By Lieul -Col C. II OWEN, R A , 
Professor of Artillery, R M. Academy, Woolwich With numerous Illustia- 
tions. 8vo. 15.S'. 

HE STUDENT’S HISTORY OF EUROPE IN THE 

MIDDLE AGES By HENttY HALLAM, LL D A New and llevwed 
Edition, including the Author’s Supplemental Notes and latest Corrections. 
Edited by WILLIAM SMITH, D C L , LL 1) One Volume Post 8vo. 7^ id 


HE NOVELS AND NOVELISTS OF THE XVIIItii 

CENTURY , in Illustration of the Manners and Morals of the Age. By 
AVILLIAM FORSYTH, Q C , L L D , Authoi of “Life and Times of Ciceio,” 
Post 8vo. 105 (jd 


HE HISTORY AND CONSTITUTION OF THE 

BRITISH ARMY. It.s Administration and Government from the 
Revolution of 1088 lo the Present Day By CHARLES M CLODE, 
Solicitor to the War Department Two Vols 8vo -fl s each 


HE METALLUEGY OF LEAD Including Desilver- 

ization and Cupellation By JOHN PERCY, MD, FRS, Lectuier on 
Metallurgy at the Royal School of Mines, London. With loO Illustrations 
8vo, 30.V 

RIDE THROUGH THE DISTURBED DISTRICTS 

OF NEW ZEALAND , with Notes of a Cruise among the South Sea Islands 
By the IION HERBERT MEADE, Lt R N. .Second Edition With Maps 
and Illustrations. Medium 8vo. 125 


HE ROB ROY ON THE JORDAN, THE NILE, 

RED SEA, LAKE OF GENNESARETII, &c. A Canoe Cruise m Palestine, 
Egypt, and the Waters of Damascus By JOHN MACGREGOR, M A Enjlith 
Thomand. 8 Maps and 70 Illustrations. Crown 8vo 125. 


QAVONAROLA, ERASMUS AND OTHER ESSAYS. 

By HENRY HART MILMAN, D D , late Dean of St. Paul’s. 8vo. i;s. 



ME MUERAY\^ WORKS NOW READY 
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HE KEIGN OF QUEEN ANNE UNTIL THE PEACE 

01'’ UTRECHT. 1701—171.% By EARL STANHOPE. Senmd Mition. 

8vo 105 


QTORIES FOR DARLINGS. A Christmas Book. 




CONTENTS 


Tlic Mulniglit A(l\cnt\ne 
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Case, 21 


A New Edition of the 

In 8 Pocket Volumes. Complete in a 


rjIREES AND SHRUBS FOR ENGLISH PLANTA- 

TIONS. a Selection and Description of the most Ornamental 
Kinds, Native and Foreign, which will flourish in the open air in 
our Climate , with Classified Lists of the several Species under the heads of 
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Minor, and Phoenicia By PHILIP SMITH, B A , Author of the “ History 
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NEW TEXT-BOOKS FOR PRIMARY SCHOOLS. 

MURRAY’S SCHOOL-BOARD SERIES. 

In the Press and m Pteparation, 


The Reports of the Royal Commissioners and Inspectors of Schools express 
a very general and reasonable dissatisfaction with the text-books at present m 
use. The result is a daily increasing want of suitable manuals, and nowhere 
IS this greater than at the very outset of all teaching 

The object of the present Series is theiefore twofold to supply a graduated 
course of English instruq^ion, from the very alphabet up to the writings of our 
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